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FURNACE #4 SLURRY POT TANK SYSTEM V4213 & V4214
FIRST AND SECOND PASS SLURRY POTS
DESIGN ASSESSMENT AND CERTIFICATION

1. TANK SYSTEM DESCRIPTION

V-4213 and V-4214 are the Furnace #4 First and Second Pass Slurry Pots, respectively.
These slurry pots are existing, non-pressurized, carbon steel tanks which, collect furnace off
gas solids and mix it with water and lime slurry producing a precipitator slurry mixture. The
function of the tanks is to render any carry over phosphorus, which may be present in the
offgas solid, as non-reactive. In addition, any trace metals that may also be present and are
capable of going into solution are also dropped out of the mixture. Each tank is sized to
contain 800 gallons (nominal) of fluid. Each pot is equipped with its own agitator, MX-4215
or MX-4216, and a recirculation pump, P-4350 or P-4351.

The slurry mixture is pumped from the slurry pots via dedicated pump P-4217 or P-4218 to
either the V-3600 (off-spec slurry) or V-3700 (on-spec slurry) tanks after reaching either a
predetermined density, pH level or residence time. If the precipitator slurry mixture is not
capable of being pumped, it can be gravity dropped into the V-4400 sump. V-4400 sump also
acts as the secondary containment for both V-4213 and V-4214.

The primary leak detection system for each slurry pot is visual detection conducted on a
regularly scheduled basis. In addition, the tank is inspected, tested and maintained for
integrity on a 6 to 8 month basis as determined by the service history. When a tank reaches its
integrity limitations it is replaced or repaired as required. V-4213 and V-4214 tanks are
estimated to have been placed into service during 1984.

. TANK SYSTEM DESIGN ASSESSMENT

2.1 WASTE STREAM CHARACTERISTICS
A description of the characteristics for each liquid waste stream is as follows:
e SDW - Slurry Decant Water

SDW is decant water from Pond 17 which, is heated to a nominal temperature of 140° F
in tank Slurry Pot Fill Water Tank, V-9360. The water contains Py at the solubility limit
of P, in water (~3 ppm), and has a pH ranging from 6 — 8. SDW is the primary water
supply to the slurry pot used in the mixing process with the offgas solids.

e HCW - Phossy Water, Hot Clarified, Recycle Tank T-5137 Overflow

HCW is hot clarified process water. The water contains Py at the solubility limit of Py in
water (~3 ppm), and has a pH ranging from 6 — 8. The temperature of the phossy water
ranges from approximately 120° F to 160° F. Suspended solids are not normally present
in this waste stream. It is used as back-up water to supply the slurry pot versus the decant
water normally used in the mixing process with the offgas solids.
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e PWC — Phossy Water - Cold, Pond 18B

PWC is clarified pond water recycled to the plant from pond 18B. The phosphorus-
bearing wastewater streams enter pond 18A where the solids are allowed to settle. The
clarified water then overflows to pond 18B. PWC contains P4 in concentrations at its
solubility limit in water (~ 3 ppm) and has a pH ranging from 6.5-8. The temperature of
the PWC ranges from ~ 32° F in the winter to 80° F in the summer. This water is used as
gland seal for the slurry pot recycle pumps (P-4350/P-4351) and the mixer/agitators (MX-
4215/MX4216). In addition, it is used as flush water for the recirculation line during
maintenance operations.

e Resulting Mixed Precipitator Slurry

The Precipitator Slurry is a mixture of furnace offgas solids and water (heated slurry
decant water or hot clarified phossy water) produced in the Precipitator Slurry Pots. The
slurry is normally alkaline with a pH ranging from 8-12. A pH of 11.7 is the desire
setpoint. Abnormal furnace upsets result in major air leakage into the furnace offgas
system, causing acid formation that can lower the pH of precipitator slurry to a pH of 4.
Typically the precipitator slurry contains low concentrations of elemental phosphorus (0-
2500 ppm), but can reach concentrations as high as 4 percent by weight if the slurry
system is operated with hot clarified phossy water and problems with the clarifier occur.
The Precipitator Slurry temperature ranges from 120- 160°F and has a solid concentration
normally between 11 - 20 percent by weight.

2.2 MATERIALS OF CONSTRUCTION

2.2.1 Piping Materials
All piping to and from the slurry pots meet the following FMC Engineering Piping Standards:

These standards were developed to comply with the requirements of ASME/ANSI Code
B31.3 “Chemical Plant and Petroleum Refinery Piping”. Specific information for each
standard identified is in Appendix 4.

e SDW is transported in pipe meeting FMC piping standard ES-2-3-0. The pipe material is
A53-Type E or S carbon steel.

e HCW is transported in pipe meeting FMC piping standard ES-2-3-0. The pipe material is
A53-Type E or S carbon steel.

e PWOC is transported in pipe meeting the FMC piping standard ES-2-1-0. The pipe material
is A53-Type E or S carbon steel.

e Precipitator slurry is transported in pipe meeting the FMC piping standard ES-2-31-0.
The pipe material is A53 Type S, Grade B carbon steel.
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. 2.2.2 Tank Materials
The tank is constructed out of carbon steel. This material was selected on the compatibility

requirement characteristics of the worst case stream contained by the tank. This material
provides acceptable strength, durability and adequate corrosion resistance to the tank.

The specifics for each tank fabrication are as follows:

e The tank shell is a 6-foot out-side to out-side diameter constructed from 3/8-inch thick
carbon steel plate. The tank top and bottom are ASME flanged and dished heads
fabricated to meet the shell diameter requirements. These units are also constructed from
carbon steel. The amount of corrosion allowance included in the material thickness is not
documented for these slurry pots.

e The tank nozzle connections are constructed of Sch. 80S carbon steel pipe A53 GR B or
A106 GR B with a 150-Ib. RFSO carbon steel flange.

e The tank mixer/agitator connection is manufactured from rolled 3/8-inch carbon steel plate
with a 150-Ib. RFSO carbon steel flange.

2.3 TANK DESIGN

. The original engineer’s/supplier’s design information and calculations used for the
construction of the slurry pot tank were not available. In an effort to demonstrate the tank
integrity is sufficient for its intended service, a separate calculation was made to determine the
acceptable shell thickness limitations for the tank design. Two calculations were conducted in
accordance industry standards, including the guidelines outlined in the ASME Boiler and
Pressure Vessel Code, Section VIII, Div 1, using FMC’s design conditions for each slurry pot
tank. One calculation determines the minimum acceptable shell and head thickness, the
required reinforcement at the agitator mounting point, and the reinforcement requirements at
the inlet and outlet connections that support the slurry pots. The second analysis was done to
determine if the slurry pots could resist the stress from the support of the circulation pump.
From these analyses the minimum acceptable shell thickness was determined for each of the
slurry pots. These minimum values are shown in Table 1. These acceptable minimum shell
thickness values are then cross-referenced with FMC’s data from a regularly scheduled field
analysis that measures the shell thickness of each individual pot along strategic locations of the
shell. From this information, it is determined if the tank has an acceptable shell thickness to
provide a level of integrity for the intended application. If the shell thickness falls below the
calculated minimum thickness allowance, then repairs or replacement are required to the slurry

pot.
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TABLE 1 — Minimum Acceptable Shell Thickness

Slurry Pot —4213
Location Minimum Shell Thickness
Shell 0.097 inches
Top 0.122 inches
Bottom 0.115 inches
Pump Support* 0.245 inches

Slurry Pot —4214

Location Minimum Shell Thickness
Shell 0.097 inches
Top 0.122 inches
Bottom 0.115 inches
Pump Support* 0.220 inches

*NOTE: It is determined that the pump support minimum shell thickness has an area of influence
limited to a 10-inch envelope from the gusset. All nozzle connections are outside the limits
of this area. As a result, this higher minimum thickness limitation for the pump support does
not apply to the remaining tank connections.

The results of these calculations have been compared to the field data measurements for the
slurry pots (See Appendix 2 & 3). This comparison determined, that as of this measurement,
the slurry pot tanks exhibit sufficient structural strength to ensure they will not collapse. For
safety considerations, it is recommended that periodic in field material thickness evaluations
be continued and that the collected data be cross referenced to the minimum acceptable shell
thickness values to determine if the tank is still acceptable for operation. Should the field
measurement prove otherwise, immediate and appropriate action should be taken to correct
any inadequacies.

2.4 DESIGN INTEGRITY ANALYSIS

Periodic ultrasonic inspections are conducted to obtain shell thickness data which is used to
predict the remaining life of the slurry pot tank. The inspections track the current shell
thickness to the survey taken for the initial shell thickness. ~Any change due to
corrosion/erosion wear is documented. From these results, the next ultrasonic inspection is
scheduled, as well as, a prediction of the tank’s “retirement date”. FMC uses this information
to track the changes in the slurry pot in order to schedule recommended maintenance, repairs
or replacement. The results of the latest field investigations for these slurry pots are in
Appendix 3. As previously mentioned, the examination determined that slurry pots, V-4213
and V-4214, currently have sufficient thickness which is adequate for continued operation to
the next scheduled inspection.
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V-4213 has an estimated 3.2-year life, as of February 2, 1999,. Based on this examination,
the tank predicted retirement date is April 29, 2002. The next recommended inspection date
is September 10, 2000.

V-4214 has an estimated 2.8-year life, as of February 2, 1999,. Based on this examination,
the tank predicted retirement date is November 30, 2000. The next recommended inspection
date is June 29, 2000.

2.5 LEAK TEST

An in-service leak test was conducted on the slurry pot tanks using a procedure similar to the
recommended practice as identified in the American Petroleum Institute (API) Guide for
Inspection of Refinery Equipment, Chapter VIII — Atmospheric and Low-Pressure Tanks
(Appendix 3). The results of this test conducted on August 20, 1999 determined that slurry
pots V-4213 and V-4214 are not leaking (Appendix 3).

3.0 SECONDARY CONTAINMENT

The V-4400 Wastewater Collection Sump acts as the secondary containment for both V-4213
and V-4214 slurry pots. V-4400 is an existing concrete sump that is lined with two layers of
T316L SS diamond plate. A separate design assessment has been prepared for this sump
which provides additional information on the design, construction and function of the V-4400
system.

4.0 TANK AUXILIARY EQUIPMENT

4.1 Tank Discharge Pump

Each tank is equipped with a 15 HP, 90 GPM discharge pump, P-4217 or P-4218. This pump
is located on a 3” pipe line which pumps precipitator slurry, at 88 ft of head, to either the V-
3600 tank or the V-3700 tank. The pump is a horizontal centrifugal slurry pump constructed
of 28% chrome for the wetted parts. The shaft is constructed of stainless steel. See Appendix
5 for pump information.

4.2 Tank Recirculation Pump

Each tank is equipped with a 5 HP, 110 GPM recirculation pump, P-4350 or P-4351. This
pump is located on a 3” pipeline that recirculates the precipitator slurry, at 42 ft of head. The
pump is a horizontal centrifugal slurry pump constructed of 28% chrome for the wetted parts.
The shaft is constructed of stainless steel. See Appendix 5 for pump information.
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4.3 Tank Mixer/Agitator

Each tank is equipped with a 3 HP mixer MX-4215 or MX-4216. This mixer is a belt driven
unit, which is flange connected to an 8-inch nozzle connection on the slurry pot. It enters the
pot at a 45° offset angle. The mixer propeller and shaft are of steel construction. See
Appendix 5 for additional information.
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5.  CERTIFICATION OF DESIGN ASSESSMENT (PARA 270.11(D))

Certification for Furnace # 4 Slurry Pot Tank System:V-4213 & V-4214 (as described herein)

I certify under penalty of law that this document was prepared to address the requirements as
outlined in the Code of Federal Regulations Title 40, Part 265, Subpart J, Section 265.191.
All attachments were gathered and examined under my direction or supervision in accordance
with a system designed to assure that qualified personnel properly gather and evaluate the
information submitted. Based on my inquiry of the person or persons who manage the
system, or those persons directly responsible for gathering the information, the information
submitted is, to the best of my knowledge and belief, true, accurate, and complete. 1 am
aware that there are significant penalties for submitting false information, including the
possibility of fine and imprisonment for knowing violations.

Signature: / ‘/-/C(' Date: I / 27 / 99
Peter Critikos, P.E.

Title: Sr. Mechanical Engineer

‘ P.E. Registration No.: Q446

Seal:

Raytheon Engineers & Constructors, Inc.
5555 Greenwood Plaza Blvd., Suite 100
Englewood, CO 80111
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5[@@ Phosphorus Chemicals Division
Pocatello

Interoffice
1o Route List ' " pme September 19, 1989
cc Supervisor
from W. H. Lee i Engineers
subec: PROPER DESIGNATION FOR PHOSPHORUS ANALYSES

Recently, in the laboratory, we have received some rather confusing
requests for phosphorus analyses. To help us serve you better, I will
attempt to explain the various designations.

gé is solld liquid, or gaseous vhite elemental phosphorus at temperatures
below 800°C. Therefore, a request for X elemental P, or X total P, means
the same as X P, or X vhite P, and the reported analytxcal value vould be
percent wvhite elemental phospéorus. I wvould suggest using the designation
b4 Py

P is the chemical symbol for phosphorus. A request for ZP would result in
a report of percent total phosphorus calculated as XP. It does not mean
percent wvhite phosphorus.

P,0. is the chemical formula for the most abundant product of the chemical
réaction betveen vhite phosphorus and oxygen. Because of convention, the
designation Zons peans percent total phosphorus calculated as X P2 5 It
does not represent the percent phosphorus present as P2 5°

POA -3 is the ortho-phosphate ion, vhich is the most common naturally
occurring form of phosphorus. Again, because of convention, a request for
XPO, or X total PO 3vould result in the percent total phosphorus
calculated as ZPO, ~. Hovever, Xo0-PO, or X ortho PO, means the percent
phosphorus that is present as the ortho-phosphate ion.

Finally, red P means red elemental phosphorus, a very stable form of
elemental phosphorus used in making matches. Should you request an
analysis of X Red P, ve will .throwv our hands up in the air and say, "Ve
vill guess with you!l"

nm

. /W
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DEGREE OF MAZARD

4 = EXTREM HEALTH
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0 = INSIGNFICANT

N\ REACTIVI™:
P (YEL.Ow

PLANT: (208) 23é-82CC PCCATELLO, ID

CHERTREC: (800) 424=53CQO TRANSPCRTATION

MEDICAL: (303) 595=9048 RCCKY MTN seeCiac
REVISION: EFFECTIVE: 10/17/7%25 PRINTED: 04/29/88

|
|
|

PREPARED FOR USE EBYeeevcos

INFORMATICN PROVIDED EYeu:

SYN°~YHS.................:
SHIPPING NAME = DCTeeccese:
IATA.....:
IMCOceceesee
FORHULA................‘..:
CHEMICAL FAMILYceasseeoosn:

PRECAUTIONARY STATEMENT..:
(PLZASE USE THIS STATEMENT
TO SATISFY TrME IN=PLANT

LABELING REGUIREZNMENTS
OF THE QOSHA HMAZARD
COMMUNICATICNS STANDARD
¢9CFR 1910.1200)

PCD

ELTCN HEWITT
IDENTIFICATION S=23 23X ITTTIICSEIITTITIRTNSS

FFC CCRPORATICN
2CCO MARKET STREET
PRILACELPHIA FA 19103

PRCDUCT INFORMATION Sz =S =SS EESIZIZIITTXTITIIIZZ

WhITE PHOSFHORLS, YELLOW FHCSFHORLS
PHCSPHCRUS, WMITE CR YELLCWw, IN WATZR
PhRCSPhORUS, WhITE CR YELLCw, IN WATER
PRCSPHORUS, WHITE CR YELLCw, IN wATER
P4

PRCSPHORLS

PRECAUTIONARY INFORMATION =Z==ZZIXTXXTTIIXIIIIZX

HEALTh:

CONTACT wITH SCLIC OR LIGLID FHOSFHORUS CAUSES

SEVERE SUKRNS CF SKIN AND EYES.

INFPALATION UF SINGLE EXCEEDINGLY RIGH LEVELS OF
VAFCR PRCDOLCZS SEVERE LUNG IRRITATION FOLLCWED

8Y SUILD=LF QJF FLLIDS IN LUNG.

CCANTINUGUS LONG TERM INHALATICN (>Ce1 MG/CU. M)
WwILL RESULT IN CHANGES IN ThHE JAWBCNE STRULCTURE
RESULTING IN LCOSENING OF TEcTH AND SEVERE PAIN
AND SWELLING CF THE JAW,.

PHYSICAL:

VAPOR GR LIQUIC WILL IMMEDIATELY IGNITE IN AIR.
VERY REACTIVE wITH OXICIZERS.
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CAS¥ AND COMPONENT cwosces?

HELTING POINT............:
BOILING PoI“T.........-..:
VAPOR PRESSURE.....-....':
VAPOR DENSITY (AIR = 1).s:
ROOM TEMPERATURE

APPEARANCE AND STATE:
ODOR'..........'.........:
SPECIFIC GRAVITY (KW2C =1):
SCLUZILITY IN H2C X =Y wT:
EVAPCRATION RATE

(BUTYL ACETATE = 1).:
PH (AS IS)ecccccccsasccsel
PH (1% SCLUTION)ececessee:

FLASH POINT.'...'Q...'...:

AUTOIGNITION TEMPERATURE.:
FLAMMABLE LIMITS UPPER..:
(AIR) LOwERaas

EXTINGUISHING MEDIAccecce:
SPECIAL FIREFIGHTINGeesaea:
PROCEOURES

PCD

INGREDIENTS ==2z22333 X3S S SS IS ESSEEIAXTRATNIIR

MATERIAL CR CCMPONENT: ELEMENTAL PHOSPRORLS

WrFITE QR YELLCw

PERCENT : 99.9

CAS= : F043=14~0

HAZARD CLASS : FLAMMAELE
PYRCPHCRIC
TOXIC

PHYSICAL PATA Z2z XXX ITXIIETIITIAITITIXIIZIIR

‘6.1c

28CC

1vF @ 706.6C

boebe

CUBIC CRYSTALS, CCLOILESS OR YELLCW TC BLACK
WAX=LIKE SCLIC

SHARP, PUNGENT

1.82 a 2GC

0.C003 3 2CC

NCT AVAILAGL:

NCT
NCT
NCT

AVAILAELE
AFPLICAZLE
AFPLICASLE

FIRE, EXPLOSION AND REACTIVITY DATA =sszzzzxzzx

IGMNITZS SPCNTANEOUSLY IN AIR

8éF (30C)

NCT KNOWN

AFFROX. 3PFM BY VCL

WATER, WATER FCG, FOAM, DIRT, SANC

DELUGE WITH wATER, TAKING CARE NOT TO SCATTER,
UNTIL FIRE IS EXTINGUISHED ANC PHCSPHORUS HAS
SCLIDIFIED, THEN CCVER WITH wWeT SAND CR DIRT.,
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DEGREE OF FIRE ANl ascsaa:
EXPLOSION HWAZARD

STABILITYceseesccccccannst
HAZARCOUS POLYMERIZATZICN.:
CONDITIONS TC AVCIDecaaeso:
MAJOR CONTAMINANTS THAT..:
CONTRIBUTE TC INSTASILITY
INCOPPATIBILITYeeeosaasas:

HAZARCOUS DeCOMPCSITICAN..:
PROQUCTS

EYE cc~TACTl.....C.....I.=

SKIN coNTACT.....I.......:

SKIN ABSORPTION...-.--...:

INHALATIONGeecsesecseesoanse?

INGESTION....I.....I‘.I..:

2CD

|
FIRE, EXPLOSION AND REACTIVITY DATA ==szsszzazzax

DANGERCUS WwAEN EXPCSED TO HEAT OR BY CWEMICAL
REACTICN wITH CXICIZERS. IGNITES SPONTANECUSLY
IN AIRe VERY REACTIVE.

STASLE

WILL NCT CCCUS

AvCID CONTACT wITKH AIR, OXIDIZING MATERIALS.
NCNE

AIR, CXIDIZING MATERIALS, ALKALINE HYDROXIDES,
HALOGENS AND NITRATES. '

EMITS MIGHLY TCXIC FUMES CF PCX. PHOSFHINE, A
FLAMMABLE, TOXIC GAS, CAN BE GENERATED wHEN
PrCSPHCRUS CONTACTS OXIDIZING AGENTS OR WHEN THE
PHCSPHORUS WATER CCVER IS ALLCWED TO REACH A Pk
CVER €.5 AT A TEMP. OF 85C. A PHOSPHINE PCLYMER
CAN ALSO EXIST IN PHOSFHORUS SO PRCSPHINE MAY
ALWAYS BE PRESENT.

ROUTES OF EXPOSURE === xXTIXTITITITIIIIIZZZIIZ

SEVEZRE OCULLAR CAMAGE MAY RESULT

SCURCE: SAX

DATE 1979

CALSES SEVERE AND PAINFUL EBURNMS

SCURCZ: PATTY DATE: 1981

SCLRCE: DAMNGERCUS PROPERTIES CF INDUSTRIAL
MATERIALS - SAX CATE: 1976

MCDERATELY HAZARDCLS LD5Q (RAT) = 100 MG/KG
SCLRCE: SAX DATE: 1979

ThRESHCLD LIMIT VALUE: AIF 0.1 MG/CU. M

SCURCE: ACGIH CATE: 1584

OSHA STANDARD, AIR TwaA 0.1 MG/CU. M

SCLRCE: NICSH DATE: 1530

HIGHLY TOXIC (LCSC <2FG/L)

SIXTREMELY FPAZARDOLS

LELC (HUMAN) = 1.4 MG/KG }
SCLRCE: NTIS CCCUMENT AD 778-725 DATE: 1574
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REACTIVITY
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ACUTE EXPOSUREecsescessaset:

CHRONIC EXPOSUREeeecevecces

EYESII..'I..'......‘...":

SKIN...........ICQQ......:

2COD

|

EFFECTS OF OVEREXPOSURE =SS X3 XS XXXIZITITIXITTTANES

SCLID OR LIQUIL CAUSES SEVERE BURANS OF SKIN,

IF INGESTED CAULSTS NALSEA, VOFITING, JAUNDICE,
LCw oSLOCD FRESSURE, DEPRESSION, DELIRILM, CCMA,
DEATHe SYMPTCMS AFTER INGESTION CR INKALATION
MAY BZ DELAYED FOR FRCM A FEw HOURS TO 3 DAYS.

A CHARACTERISTIC GARLIC ODOR MAY BE PRESENT ON
HREATH OR VOMITUS,

A FQRM OF GENERALIZED WEAKNESS, ACCOMPANIEL BY
ANEMIA, LCSS CF APPETITE, GASTROINTESTINAL
CCMPLAINTS, CHRCONIC CCLGH AND PALLOR HAS BEEN
REPCRTED TC BE DUE TO SYSTEMPIC PHCSPHCRUS
PCISOMING. THE MCST CCMMCN FCRM CF CHRONIC
PCISONING ALSC CAUSES CHAMGES IN THE LCNG EONES.
SERIQUSLY AFFECTED SOMES MAY EECCPFE BRITTLE,
LEADING TC SPCANTANEQUS FRACTURES. INDUSTRIALLY.,
NECROSIS CF THE SCNE IS SEEN CNLY IN ThE
JAwBOMNES. IN SUCK CASES, TME FIRST SYFPTCMS ARE
USLALLY TCCTHACHE AND EXCESSIVE SALIVATIOMN.,
FCLLCwED EY THE LCC3SENING CF CNE CR MQRE TEETH
ANC SEVERE PAIN ANC SWwELLING CF ThE JAw. A
SLPPURATIVE ULCZRATION DEVELOFS IN THE GUMS
ARCUND THE TOCTH CR TCCTH SCCKET WHICH MAY
INVADE THE 35O0NE ITSELFe. THERE IS A GRADUAL
PRCGRESSICN OF TWE PRCCESS UNTIL MCST CF

The AFFECTED SCNE IS IMVCLVED. IM EXTREME

CASES SEVERE FACIAL DEFORFMITY MAY RESULT.

EMERGENCY AND FIRST AID PROCEDURES ==z=zszzzzzz=x=

WASH EYES COPICUSLY WITH WATER AT LEAST 15
INUTES. EYELIDS SHOLLD EE HELD APART DURING
IRRIGATION. KEEP EYES WET WITH WATER LNTIL

AN EYE SPECIALIST IS IM ATTENDANCE.
IFMEDIATELY FLLSH wITK COFIOQUS WATER. IF
PhCSPhCRUS REMAINS IMEEDDED IN THE SKIN, THE
CCNTAMINATED AREAS SHCLLD BE SUBMERGED IN
wATERs VI3SI3LE PIECES OF PHOSPHORUS SHOULD 3£
A=MTVeED.
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FLAMMABILITY
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DEGREE OF HAZARD

4m HEALT™
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0 = INSIGNFICANT
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INHALATIONcecceeeeacscccaas

INGESTION.......C........:

’.JNTAHINATICN PROCEDLRE:

NOTES TO PHYSICIANcecoeeee:

VENTILATION REZQUIREMENTS.:

RECOMMENDED PERSCNALecesoe:
' CTECTIVE EQUIFMENT
RESPIRATORYceeaosost

°PCD

EMERGENCY AND FIRST AID PROCEDURES ==szzzxzzzass

REFMCVE VICTIM IMMEDIATELY TC FRESH AIR. IF
EREAThING RAS STOFPED, PERFORF ARTIFICIAL
RESPIRATICN. CALL A FHYSICIAN.

CALL A PHYSICIAN IFMMEDIATELY. AVCID CCNTACT
FRCM VCMITLS CF OTHER zZ00Y FLLIDS, SINCE THEY
MAY CCANTAIN PHCSPHCRUS THAT CAN CAUSE EBURNS OF
EYES AND SKIN. IF THE VICTIM IS CCNSCIOUS
INCUCE VOMITING 8Y GIVING LARGE QUANTITIES OF
wATER TO DRINK AND HAVING THE PERSCN TOUCH
SACK CF THROAT WITH HIS FINGER. CO NOT ATTEMPT
TC MAKE AN UNCCNSCIOUS PERSON VOMIT.

KEEF wETTED GR IMMERSEC IM WATER UNTIL ALL
VISI2LE PHCSPHCRUS PICKED OFF AND FLUSKED AWAY,
IMMEDIATE CGASTFRIC LAVAGE WwITH & LITERS OF
PCTASSIUM FERMANGANATE (1:500C OR 2 PERCENT
HYCROGEN PZROXIDE FOLLOwWED BY ACTIVATED
ChRARCCAL) SHOULLD 2t PERFORMEO. MINERAL

CIL OR PETFOLATUM 2Y MCUTK CR GAVAGE HAS

9EzN LSED TO FREVENT AESORFPTICN ANC HASTEN
ELIMINATICN, A DO0SZ OF 20C-25C ML INITIALLY
AND FCLLOwWED EY 3C ML SVERY 3 HOURS FCR

4LE HMOURS IS GIVEN. MAGNESIUM CR SCODIUNM
SLLFATE CATHARTICS MAY 3E INDICATED, IF NC

GI BLZEDING OR DIARRHEA IS PRESENT. .
TREATMENT IS SYMPTCMATIC AND SUPPCRTIVE.,

wITH ATTENTION TO SHOCK, ACIDCSIS, BLOCD

LCSS, CARCIAC ARRHYTHMIAS, SEIZURES, INITIALLY
AND MEPATIC ANC RENAL FAILURE LATER.

SPECIAL PROTECTION === SSESSISSTESITZIREINIS

NCTHING SPECIAL ASSUMING FROPER CCNTAINMENT

OF PHCSPHCRUS AT ALL TIMES. LSE SELF CONTAINED
3EATHING AFPARATUS, [F VAPCR IS EXPECTED.

SEE BELOw.

wtAR NIOSh/MSHA APPROVED SELF=CONTAINED
SREATHRING APPARATUS, NEAR BELRNING FHOSPHORLS.
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Chemical Safety Data Sheet

PHOSPHORUS

PREFACE

Phosphorus, elemental, is a solid material at ambient temperatures
that ignites spontaneously in air and burns vigorously. It is classified
as a flammable solid by Department of Transportation regulations.

Due to its low melting point, 44.1°C (111°F), bulk quantities are
usually shipped in @ molten form, covered with water, inert gas, or a
combination of both. -

Phosphorus will cause severe burns on contact with the body or
eyes. When burning in air, it emits large volumes of acrid white fumes
which are very irritating when breathed.

The full text of this chemical safety data sheet should be consulted
for details of the hazards of phosphorus and recommendations for
their control. ‘

FIRST AID—SEE PAGE 11

For assistance in the event of any emergency involving this chemical in
transportation, call MCA's Chemical Tramsportation Emergency Center.
CHEMTREC
(800) 424-9300 * (Use 483-7616 in District of Columbia)

Toll-free, day or night

* Use long di ber if required. -

In CANADA, call Canadian Chemical Producers Association’s TEA
(Transportation Emergency Assistance Plan)
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Chemical Safety Data Sheet

PHOSPHORUS

1. NAME
Chemical Name: Phosphorus
Common Name: Phosphorus, whitc phosphorus, ycllow phosphorus
Formula: P,

PROPERTIES

2.1 GRADE AND STRENGTH
Elemental white or yellow......_......

........................ 99.9% (Amorphous (red) phosphorus is not covered

in this data sheet)

2.2 IMPORTANT PHYSICAL AND CHEMICAL PROPERTIES

Physical ____

<eeen .. Waxy solid

Ignition Temperature

Spontaneously ignites in air

Boiling Point

......... 280.5°C (536.9°F)

Color.

Corrosivity

........................ Colorless to pale yellow to deep straw (in solid form

under water it is chalky white)
.None in absence of air (See 5.2 Reactivity Hazards)

Deliquesence—Hygroscopicity

Heat of Combustion

Heat of Fusion

eerreennn .9 kilocalories per gram
<esueeer 3.0 calories per gram

Heat of Vaporization

101 calories per gram

Light Sensitivity.

*Melting Point.

weeeemmnweee TUNS ted in sunlight
44.1°C (111°F)

Odor

... Mildly characteristic (phossy). Fumes from burning

Reactivity

phosphorus are pungent, sharp.
......... Dangerously so in air or with oxidizing agents (See

Specific Gravity
at 20°C (68°F) Water

5.2 Reactivity Hazards)
1.8231

at25°C (77°F) Water

. 1.8198

at 50°C (122°F) Water
Solubility in H,O

1.737

veeeeeaer0.003% at 20°C (68°F)

Specific Heat

0.19at 7°C (44.6°F) to 30°C (86°F)

**Thermal Expansion

3.5% at melting point

Vapor Density ...

(Air=1) 4.42

= ... 1.694 centipoisc (pure), 0.967 (saturated with water)

Viscosity

Threshold Limit Value............._..

at 50°C (122°F)

..................... 0.1 mg/m* 1974—ACGIH, American Confercnce of

Governmental Industrial Hygicnists

* Liquid phosphorus must be super cooled to 39.1°C (102°F) 1o solidify completely without leaving a liquid core.
** Caution—Phosphorus covered with a thin layer of water can shrink away from the sides of the tank car upon solidification,
thus draining the water cover from the surface of the phosphorus, leaving it exposed.

S
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PHOSPHORUS, ELEMENTAL

3. TRAINING AND JOB SAFETY

3.1 EMPLOYE EDUCATION AND
TRAINING

3.1.1 Safe handling of phosphorus dcpends
largely upon the cffectiveness of employc cducation,
proper operating procedurcs, the usc of safe cquip-
ment and diligent supervision.

3.1.2 This data shcet contains pertinent material
that should be included in the employc training ac-
tivity. Additionally the MCA publications of Case
Histories of Accidents in the Chemical Industry pro-
vide details of accidents and injuries involving phos-
phorus that may be useful.

3.1.3 Employes should be instructed in the haz-
ards of this chemical. Specd in stopping the com-
bustion of phosphorus 1s of primary importance.
First-aid trcatment should be started at once in all
cases of contact with phosphorus, in any form. or
serious injury may rcsult. Skin exposurc requircs the
immediate immersion of the affected arca in water
followed by medical attention. Contaminated cloth-

ing should bc removed immediately. preferably while
showcring. Eyc oxposurc rcquircs immediate decon-
tamination with plain watcer at an cyc bath for at lcast
15 minutcs, followed by medical attention.

3.1.4 Employcs should shower daily on finishing
work. Food should not be stored or caten near the
placc where phosphorus is handled. Any abnormal
condition of thc jaw or mouth should be reported
immediately.

3.2 SAFETY REVIEW

For continued safe operation it is-important for
supervision to exccute a thorough process review at
regular intervals. For maximum effectiveness. this
review should cover all aspects of the operation and
should include thc participation of selected repre-
scntatives of operations, maintenance. technical and
anv other rclated activities. The MCA publication,
“Guidelines for Risk Evaluation and Loss Prevention
in Chemical Plants (1970)" may be helpful.

4. HEALTH HAZARDS—MEDICAL MANAGEMENT,
FIRST AID, AND PROTECTIVE EQUIPMENT

4.1 HEALTH HAZARDS

Phosphorus ignites spontancously when exposed
to air and contact with the skin or clothing may
causc severe burns. If combustion takes place in a
confined space. oxygen may be consumed below a
safe breathing level. Modcrate concentrations of the
vapors from burning phosphorus are irritating to the
cyes. nose, throat and lungs.

If phosphorus is taken by mouth, it is absorbed
from the gastrointestinal tract. It can also be ab-
sorbed from the lungs. In the modern utilization of
phosphorus in industry, the principal mode of ex-
posurc is by inhalation. It is possible that the ab-
sorption of the lower oxides might produce cdema of
the lungs.

After the absorption of a sufficient amount of
phosphorus. acute toxic cffccts are produced in the
liver and arc accompanicd by vomiting and marked
wcakness. The long continucd absorption of phos-
phorus may result in nccrosis of thc mandible or
maxilla (jawbone) and is known as “phossy jaw.”

Phosphine (PH-) is a highly flammablc toxic foul-

“smclling gas. It may be present in phosphorus as a

polymer or gencrated at low rates at a temperature of
85°C (1857F) and with the watcr at a pH of 6.5. As
the pH of the water increascs. the rate of phosphine
generation increases. Phosphine, which has a charac-
teristic odor of rotten onions or dccaying fish, has a

Threshold Limit Value (TLV) of 0.3 ppm. Phos-
phinc can ignitc spontaneously in air.

4.1.1 Warning Properties

Elemental phosphorus has no strong warning
properties (Sec 2. Properties—Odor).

4.1.2  Acute Toxicity
4.1.2.1 Local Effects

Phosphorus. when in contact with air spon-
tancously ignites and burns freely and will cause
severe local tissuc burns if it contacts the skin. Com-
bustion of phosphorus on the skin results in the
formation of meta- and ortho-phosphoric acid and
small amounts of rcd phosphorus. Thesc compounds
arc of no importance clinically, as the heat coagula-
tion of the tissucs is the important cffect of phos-
phorus burns. A firm scab is produced and is sur-
rcundcd by blisters.

Phosphorus is especially hazardous to- the
cycs and producus scvere damage.

4.1.2.2 Systemic Effects
4.1.2.2.1 Phosphorus

The absorption of phosphorus when taken
by mouth may be dclayed as much as 2 hours. In a
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few hours aftcr ingestion there is an initial stage of
local gastrointestinal irritation characterized by
nausca, vomiting and scverc abdominal pain. The
vomitus may have a garlic-likc odor and may be
phosphorescent (luminous in the dark.)

After 24 to 36 hours, the symptoms sub-
side. After a few hours, or a few days. nausca. vomit-
ing and abdominal pain rcappcar with diarrhca and
abdominal tenderness. The skin becomes jaundiced.:
The toxic state lasts 2 to 15 days, averaging 8 days.
In fatal cases. most deaths occur within 4 to § days.
The fatal dose is generally about 100 mg, but even
15 mg may produce a severcly toxic reaction.

Absorption of phosphorus through the skin
following severe burns may produce systcmic toxicity.

4.1.2.2.2 Phospine

When low concentrations are inhaled,
phosphine may causc headache, dizzincss, tremors,
general fatigue, burning substernal pain, nausea.
vomiting and diarrhea. A productive cough with a
fluorescent-green sputum, acute dyspnea and pul-
monary edema may develop. Death is usually pre-
ceded by tonic convulsions which may occur sud-
denly after the paticnt has apparently recovered.

Phosphine's characteristic decayed fish odor
is barely detectable at concentrations of 1.5 to 3 ppm.
Serious cffects arc produced following cxposurc to
5 to 10 ppm for several hours. Death occurs fol-
lowing %2 to 1 hour exposurc to concentrations of
400 to 600 ppm.

4.1.3 Chronic Toxicity

Chronic poisoning occurs from long continued
absorption of phosphorus especially through the
lungs but also through the gastrointestinal tract.

A form of generalized weakness. accompanied
by ancmia, loss of appetite, gastrointestinal com-
plaints, chronic cough and pallor has been reported
to be due to systemic phosphorus poisoning. The
most common form of chronic poisoning also causes
changes in the long bones. Seriously affected bones
may become brittle, leading to spontancous frac-
tures. Industrially, necrosis of the bone is seen only
in the jawbones. In such cases, the first symptoms
are usually toothache and excessive salivation, fol-
lowed by the loosening of one or morc tecth and
severe pain and swelling of the jaw. A suppurative
ulceration develops in the gums around the tooth or
tooth socket which may invade the bonc itsclf. There
is a gradual progression of the process until most of
the affected bone is involved. In cxtreme cascs severe
facial deformity may result.

The chronic effects produced by phosphine are
cssentially the samc as those produccd by phos-
phorus.

4.2 MEDICAL MANAGEMENT

4.2.1 Physical Examinations

4.2.1.1  Preplacement Physical
FExaminations

Preplacement medical examinations should
be directed toward climinating from ¢xposure to
phosphorus those workers with any cvidence of his-
tory of liver discase and thosc workers with any of
the following dental defects: gingivitis. pyorrhea.
carious tecth. exposed sockets and dental cysts. Ab-
scnce of all natural tecth is no contraindication.

42.1.2 Periodic Examinations

An annual physical examination should be
given to cach employe who is frequently exposed to
phosphorus. He should be instructed to report any
illness he cxperiences. i

4.2.1.3 Dental Examinations

Periodic dental examinations are particularly
indicated in those who work with phosphorus. The
frequency of these examinations is dependent upon
the type and degree of exposure. The examination
interval thercforc may vary from once a vear to as
frequent as once a month. Undesirable dental con-
ditions should be corrected and the emplove should
not be allowed to work around phosphorus until
the condition has been properly treated. Full mouth
dental x-rays should be made before ¢mployment.
This should be repeated at the discretion of the
dentist.

4.3 FIRST AID

4.3.1 General Principles

Speed in stopping t 1¢ combustion of phosphorus
is of primary importance and. secondly. the removal
of the matcrial from contact with the skin. First-
aid trcatment should be started at once in all cascs of
contact with phosphorus in any form or scrious injury
may result. Refer all injured persons to qualified
personncl even when the injury appears to be slight.

4.3.2 Contact with Skin

Immcdiate application of water to the area will
stop combustion of thc phosphorus. This may be
accomplished by plunging the affected parts in water
or by the copious use of running water. Contam-
inated clothing should be removed promptly. If avail-
able, ice water will help relieve pain and help mini-
mize scverity of burn. The arca should be irrigated
for at least 30 minutes. If small particles of phos-
phorus arc adherent to the skin. they.can be seen in
a darkened arca as they arc luminous. The small
particlcs of phosphorus can be removed with tweezers
whilc the part is immersed in water.
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It should be borne in mind that following scvere
burns, and particularly in thosc involving a large
arca of the body surface, shock may appcar at any
time. Shock should be trcated promptly. No oil or
ointment of any kind should be applicd to burncd
arcas without the sanction of the attending physician.

CAUTION: It should be remembered that the
phosphorus stops burning after the application of
water but when the arca dries. duc to the cvaporation
of water, the phosphorus will spontancously ignite
again. Drying may be prevented by covering the area
with a cloth wet with water. The phosphorus must be
removed as soon as possible.

A physician should be called at the carliest pos-
sible moment.

4.3.3 Contact with Eyes

1f cven minute quantities of phosphorus. either
in solid form or in solution. enter the cyes they should
be irrigated immediately and copiously with water for
a minimum of 15 minutes. The eyclids should be
held apart during the irrigation to ensurc contact of
water with all the tissues of the surface of the eves
and lids. A physician. prefcrably an eve specialist,
should be called in attendance at the first possible
moment. If a physician is not immediately available.
the eye irrigation should be continued until the
scrvices of a physician arc available.

Ophthalmologists may be interested in 2 method
of treatment for chemical burns of the cve described
by Ralph S. McLaughlin, “Chemical Burns of the
Human Cornea,” American Journal of Ophthalmol-
ogy, 29: 1355, 1946.

4.3.4 Ingestion

If phosphorus is swallowed. either in a paste or
as “phossy water,” a physician should be called im-
mediately. The patient should be made to vomit at
once. If necessary, stick finger down the throat to
cause vomiting. Repeated vomiting should be cn-
couraged by giving large quantitics of fluids. The
injurious rcsuits of absorption may not occur for a
matter of hours, therefore, gastric washing should be
carried out whenever a patient is secn. There is no
established antidote. Do not give oily cathartics;
avoid fatty foods, including milk.

NEVER GIVE ANYTHING BY MOUTH OR
ATTEMPT TO CAUSE VOMITING IN AN UN-
CONSCIOUS PATIENT.

4.3.5 Inhalation

Burning phosphorus in a confincd area may
causc a deplction of the oxygen from the air to a
sufficicnt cxtent to cause asphyxiation. The patient
should be removed at once to fresh air and cffective
artificial respiration initiated immediatcly if breathing
has ccased. A physician should be called at once.

4.4 PERSONAL PROTECTIVE EQUIPMENT
4.4.1  Availability and Use

Pcrsonal protective cquipment cannot be con-
sidered as a substitute for tight controls in the
handling of phusphorus. The potential risk of con-
tact with phosphorus dictates the nced for an ade-
quate supply of approved personal protective equip-
ment be provided and prescribed usc cnforced.

442 EyeProtection

Whenever the danger of contact with phos-
phorus is present, full cyc and face protection should
be worn. This can best be provided by chemical
safcty goggles with impact resistant glass or plastic
lenses and a full length face shicld. -A full chemical
hood which completely covers the head. face and
ncck may also be considered.

Approved spectacle-type safety glasses are rec-
ommended as minimum eye protection for other
work areas.

4.4.3 Respiratory Protection

Entry into bins, hoppers and vessels in phos-
phorus related operations presents a potential ex-
posure to toxic vapors of phosphorus. phosphine,
flouride. carbon monoxide, etc. Unless thorough air
sampling indicates the atmosphere is free of toxic
vapor and that an adcquate oxygen level is assured,
maximum rospiratory protection in the form of self-
contained breathing cquipment or a supplied air
breathing system should be worn.

In other open work areas where minimal res-
piratory protection may be indicated, a chemical
cartridge-type respirator may suffice.

444 Head Protection

Approved safety hats should be worn where
there is an exposure to head injury.

4.4.5 Foot Protection

Leather or rubber safety shoes with built-in steel
toe caps are recommended for workers in all phos-
phorus related work areas. High .top styles are
preferred.

4.4.6 Body, Skin and Hand Protection

Becausc phosphorus ignites in air, contact with
the skin may rcsult in very scrious burns. Where a
potential exposurc to phosphorus exists such as open- -
ing a line, a protective suit with hood offers ideal
protection. Howcver, protective coats, trousers, boots
and gloves offer good body protection. The head and
face should then be protected by safety hat, chemical
goggles and face shicld.

Protcctive suits cxposed to phosphorus should
be washed immediatcly with water to remove phos-
phorus particles.

'
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5. FIRE HAZARDS,

5.1 FIRE HAZARDS

Phosphorus ignitcs spontancously in air and burns
vigorously. Fires can be controlled by covering with
water. sand, or carth to cxclude the air. Foam cx-
tinguishers may also be used. Avoid the usc of high
pressurc water streams.

5.2 FIRE FIGHTING

Phosphorus ignites spontaneously upon exposure
to air and emits clouds of whitc acrid fumes. Self-
contained breathing equipment is recommended for
fire fighting activities. :

Large spills of phosphorus should be restricted by
damming with sarth or sand. A shallow layer of
water on the surface of burning phosphorus will
cffectively extinguish the fire. Water application
should be made as softly as possible. High pressure
streams scatter molten phosphorus with each of the

FIRE FIGHTING

small particles burning violently. Water application
regardless of pressurc. should use fog or spray noz-
zles to provide gentle application. Dry chemical
extinguishers arc rclatively incffective. Foam extin-
guishcers can be used to bring a spill fire under
control.

A leak from a phosphorus line or tank can often
be controlled by applying a cooling stream of water
at the leak to chill and solidify the liquid phosphorus.
Solid phosphorus unless covercd with water. sand or
carth to cxclude the air will slowly melt, and ignite.

Fire hydrants and hose stations should be dis-
tributed so that spill fires may be approached from
an upwind position.

Except in small confined spaces the use of steam
on phosphorus fires should be avoided because it
tends to spread the fire and does not aid in cooling
the phosphorus.

6. INSTABILITY, REACTIVITY HAZARD AND CONTROL

6.1 INSTABILITY HAZARDS—None

6.2 REACTIVITY HAZARDS

When exposed to air, phosphorus ignites spon-
tancously and burns vigorously. Phosphinc, a flam-
mable, toxic gas, can bc gencrated when phosphorus
contacts oxidizing agents or when the phosphorus
water cover is allowed to reach a pH over 6.5 at a
temperature of 85°C (185°F). A phosphine poly-
mer can also exist in phosphorus so phosphine may

always bec present. Phosphine can ignite spon-
tancously.

Hydrogen has also been known to be present above
a phosphorus surface. If the phosphorus water cover
is allowed to drop below 5.5 pH. the steel container
may be attacked chemically and lead to hydrogen
generation.

The phosphorus water cover should be controlled
between a 5.5-6.5 pH range for maximum safety.

7. ENGINEERING CONTROL OF HAZARDS

7.1 BUILDING DESIGN

Since the production of clemental phosphorus in-
volves operations which crcate carbon monoxide,
phosphine, smoke, dust. moiten slag and mctal—
structures. particularly the furnacc plant should be
designed to allow as much natural ventilation as pos-
sible. To obtain more cffective ventilation it may be
necessary to provide a fume removal system.

7.2 EQUIPMENT DESIGN

7.2.1 Since elemental phosphorus ignitcs spon-
tancously upon cxposurc to air, it is csscntial that it
be contained or handled in closed systems and stored
under a water cover.

7.2.2 Storage tanks may be constructed of con-
crete or of welded steel without bottom or side
outlets.

7.2.2.1 Above grade storage tanks should be
placed in retaining basins, also constructed of con-
crete or of welded steel, without bottom or side
outlets.

7.2.2.2 The basins should be large enough to
rctain the full contents of the tanks or tanks with an
allowance for watcr covcrage. Basins should be
cleancd periodically of accumulated dirt to retain
their original design capacities.

7.2.2.3 Water lines should be installed to the
rctaining basins to permit flooding.
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7.2.2.4 Scaled tanks should be cquipped with
frangible discs or safety valves and scals set to
rclcasc at a predetermined pressure. An ample
safcty factor should be allowed to protect the tank
itsclf. Discharge from these devices should be di-
rected into a rctaining basin.

7.2.2.5 Storage tanks should be equipped with
heating coils for either hot water or steam.

7.2.3 To avoid corrosion at the water line, all
pipe lines should bc equipped with non-corrosive
sections at those points where the pipes enter the
liquid.

7.2.3.1 The pipc used to carry phosphorus
being pumped or transferred, should be jacketed with
hot water or steam traced to prevent freezing of the
phosphorus, and should be installed to allow for
expansion and contraction.

7.2.3.2 Pipe lines for phosphorus should be
sloped to the outlet to allow maximum drainage. A
warm water connection should be made to flush out
the lines after use.

7.2.4 Plug or ball valves (all steel) are preferable
to other types. Flange shiclds are suggestcd for pro-
tection in case of gasket failure. Where possible, all
connections to valves or tanks should be of the

8. SHIPPING,

8.1 STORAGE

8.1.1 Phosphorus is stored under water. In con-
tact with water certain gaseous compounds are
formed. and minute particles detach themselves from
the main body of the phosphorus which oxidize in
the cover water and slowly acidify it. The tempera-
ture of the cover water is a factor in the acidification.
The process will in time corrode the container above
the phosphorus level. The pH of the cover water
should be periodically checked for acidity. When the
acidity is below pH 5.5, the cover water should
be ncutralized to pH range 5.5-6.5 with lime, am-
monia or soda ash. Tests show that 2 pH up to 6.5
is a safe limit for alkalinity to avoid the evolution of
phosphine. Dry soda ash should never be dumped
into the water since this could result in the formation
of high pH around the soda ash particles which
greatly increases the cvolution of phosphine. Soda
ash should be dissolved in hot water and the solution
pumped into the water and thoroughly mixed.

8.1.2 Storagc tanks should be remote from con-
gested arcas. Personncl traffic should be restricted to
cssential workers only.

8.1.3 Mechanical ventilation should be provided
where phosphorus is stored or handled inside
buildings.

LABELING,
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welded flange type. Valves should be hot water
jackcted or stcam traced.

7.3 VENTILATION

Good ventilation is esscatial in all phosphorus
handling opcrations. Building design and cquipment
layout should takc full advantage of natural ventila-
tion. However, it may be neccssary to provide
mechanical ventilation at sources of dusts. fumes and
vapors to ensure that a safe atmosphere is being
maintained.

7.3.1 Routine air sampling of the work eaviron-
ment for phosphorus * and other potential contam-
inants. such as phosphine, carbon monoxide and sul-
fur dioxide is recommended to ensure the adequacy
and cffectiveness of the ventilation systems and other
engineering controls.

7.4 ELECTRICAL EQUIPMENT

General purpose electrical installations are nor-
mally used in phosphorus production areas.

* A gas chromatic method of detecting 0.004 mg of elemental
phosphorus per cubic meter of air has been developed by
C. D. Bohl and E. F. Kaelbie and reported in American Indus-
trial Hygiene Association Journal. Volume 34, pp. 306-309.
Determination of Elemental Phosphorus in Air by Gas
Chromatography, 1973.

HANDLING

8.2 LABELING AND IDENTIFICATION
8.2.1 DOT Labeling and Identification *

8.2.1.1 Each container shall be marked with
the proper shipping name “Phosphorus, white or
yellow, dry” or “Phosg.iorus, white or yellow, in
water” per DOT 173.401(a).

8.2.1.2 Outside shipping containers, except
bulk containers, must bear the “Flammable Solid”
label as described in DOT 173.410.

8.2.1.3 Tank cars and other cars containing
one or morc containers of phosphorus must bear the
DANGEROUS placard per DOT 174.541 (a)(1),
(2). (3) and tank cars previously loaded with phos-
phorus. when shipped filled with water or inert gas.
must bear the “Caution—Residual Phosphorus”
placard per DOT 174.555.

8.2.1.4 Tank motor vehicles. whether loaded
or cmpty, and other motor vchicles transporting
phosphorus. white or yellow, dry or wet, in any
quantity of 1000 pounds or more. must be placarded
FLAMMABLE per DOT 177.823 (a) (1), (2), (3)
and (b) (1).

* DOT Regulations should be checked for changes.
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8.2.2 Precautionary Labeling text is designed for the product as shipped for indus-

) . L trial usc. It should be used in addition to or in com-

The Manufacturing Chemists Association rec- bination with any specific wording required by law.
ommends that all containers of phosphorus, white or Since individual statutes, regulations or ordinances
yellow, in water should bear a label as shown. The may requirc that particular information be included

PHOSPHORUS
White or Yellow

(For Shipment Under Water)

DANGER! EXTREMELY FLAMMABLE
CATCHES FIRE IF EXPOSED TO AIR
CAUSES SEVERE BURNS
MAY BE FATAL IF SWALLOWED OR INHALED

Contents packed under water and will ignite if water is removed.
Do not get in eyes, on skin, on clothing.

Do not breathe vapor.

Wear heavy protective gloves, goggles, and face shield.

Keep container closed.

Use only with adequate ventilation.

Wash thoroughly after handling.

POISON
Call a Physician

FIRST AID:

In Case of Contact, immediately flush skin or eyes with plenty of water
for at least 15 minutes while removing contaminated clothing and.
shoes. Keep skin area wet until medical attention is obtained. Wash
clothing before reuse.

If Swallowed, induce vomiting by sticking finger down throat or by
giving soapy water to drink. Repeat until vomit fluid is clear. Never
give anything by mouth to an unconscious person.

If Inhaled, remove to fresh air. If not breathing give artificial respira-
tion, preferably mouth-to-mouth. If breathing is difficult, give oxygen.

In Case of: Fire, Spill, or Leak—Cover with water, sand, or earth.

11
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in a label, that certain information be displayed in
a particular manncr, or that a specific label be alfixed
to a container, the usc of this label will not neces-
sarily ensure compliance with such laws. Such laws
include the Federal Hazardous Substances Act; Fed-
cral Insccticide. Fungicide and Rodenticide Act; and
similar state and municipal lcgislation.

8.3 NON-BULK CONTAINERS

Phosphorus, white or yellow, is classificd by the
DOT as a Flammable Solid. As such it must be
packed in DOT specification containers when
shipped by rail, water, or highway and all DOT
regulations governing loading, handling and labcling
must be followed. '

8.3.1 Type and Size

Authorized containers for phosphorus, white or
vellow, are indicated in DOT 173.190. Spccial refer-
ence is made to shipments by rail express. The usual
containers used for this commodity are as follows:

8.3.1.1 Phosphorus, whitc or yellow, wet
(shipped under water).

8.3.1.1.1 DOT Spec. 15A or |SB. Wooden
boxes with inside containcrs which must be her-
metically scaled (soldcred) mectal cans, cnclosed in
other hermetically sealed (soldercd) mctal cans: or
hermetically scaled (soldered) mctal cans containing
not over | pound each. cnclosed in other watertight
mctal cans with screw-top closures: or hcermctically
scaled (soldered) metal cans enclosed in hermetically
scaled (soldered) metal boxlining, DOT Spec. 2F.

8.3.1.1.2 DOT Spcc. SA. GA, or 6B. Metal
barrels or drums, not over 30 gallons capacity each.

8.3.2 When phosphorus is shipped or received in
drums. care should be taken to sce that all fittings are
tight.

8.3.3 The plug in the bung opening should be
loosened to prevent rupture of the drum before the
material is heated to the proper tcmperature, i.c..
above 44°C (111°F) and below 55°C (131°F).
preferably to about 52°C (126°F) before applying
water to displace the material.

8.4 BULK TRANSPORT

8.4.1 General

8.4.1.1 Loading and unloading opcrations
should bc conducted by fully trained, rcliable em-
ploycs under diligent supervision.

8.4.1.2 Loading and unloading stations should
be cquipped with cmergency showers or tubs of
water for cmergency immersion of personncl who
have come in contact with phosphorus.
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8.4.1.3 Scc that the car or truck is spotted
accurately and that the track or road is level. Prefer-
ably. loading and unloading operations should be
conducted in limited personnel access arcas and
posted “Authorized Personncl Only.”

8.4.1.4 The hand-brakc should be set and
standard chocks or rail clamps should be installed to
block the wheels at the time of loading or unloading.

8.4.1.5 Shipper's instructions for unloading
should always bc followed and all precautionary
markings on both sides of tank or dome should be
rcad and obscrved.

8.4.1.6 Pcrsonncl engaged in connecting. load-
ing or unloading lines or sampling should wear pro-
tective clothing (See 4.4 Personal Protective Equip-
ment).

8.4.1.7 In the cvent of a leak in the tank car
cr tank truck or the fittings that cannct be stopped by
following the instructions from the supplier (which
may includc a suggestion to play a stream of low
pressure cold water on the leak point and through
the cxternal coils to frceze the phosphorus) or by
simple adjustment or tightcning. immediately contact
the shipper or MCA CHEMTREC—800-424-9300
for further instructions

8.4.1.8 Damage Enroute. In case a tank car
or tank truck becomes damaged cnroute so that it
cannot proczed safely to its destination, cvery effort
should be made to park it where it will not endanger
nccple. tratfic. or property. The police and fire
department should be notified and public warned to
stay away. [f a leak or spill is involved. follow
MCA Chem-Card precautions as available or conract
shipper or MCA CHEMTREC—800-424-9300 for
safe disposal instructions.

8.4.2 Tank Trucks

DOT Spec. MC 310. MC 311, or MC 312.
Tark mcter vehicles, without bottom outlet and with
insulaticn at Icast 4 inches in thickness. cxcept that
2 inches of insulation is authorized for tanks
cquioped with an cxterior heating jacket. Interior
hieating coils arc not authorized. The material must
bc immersed in water or be blanketed with an inert
=as #nd be lcaded at a temperature not cxceeding
60°C (140°F). After unloading. the tank must be
filled to its cntirc capacity with an incrt gas or to its
cntirc capacity with water having a temperature not
cxceeding 60°C (140°F) or a combination of water
and incrt gas.

Trucks should have their wheels chocked and
jack stands arc reccommended for trailer support if
tractor is removed.

8.4.3 Tank Cars

8.4.3.1 Decnils should be placed on the un-
loading track approximatcly onc car length from the
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car being unloaded. unless the car is protected by a
closcd and locked switch or gate.

8.4.3.2 Mectal “CAUTTON" signs should be
fastencd to the track. Signs should be 12”x15",
painted light bluc. Usc the legent “STOP—TANK
CAR CONNECTED.” with the lctters in “STOP”
four inches high. Signs are available from safety
cquipment dcalers.

8.4.3.3 DOT Spec. 103, 103W, 111A60-F-1,
111A60-W-1, 111A100-W-1, 111A100-W-3. Tank
cars without bottom outlet for discharge of lading
and with approved dome fittings, external heater sys-
tems. and with insulation at least 3 inches in thick-
ness. exccpt that thickness of insulation may be
reduced to 2 inches over cxternal hcater coils.
Bottom wash-out nozzle of approved design may be
applied. Approved clean-out nozzles may be applied
to top of tanks to aid in cleaning. These are usually
10 inch I.D. nozzles closed with a bolted blind flange.
The material must be immersed in water or be
blanketed with an inert gas and be loaded at a
temperature not excecding 60°C (140°F). In cars
DOT Spec. 103 and 103-W, the water must be
loaded in the dome to not more than 50 per-
cent of the capacity of the dome. In cars DOT
Spec. 111A60-F-1. 111A60-W-1, 111A100-W-1,
111A100-W-3 which are without domes, the outage
is in the tank shell. Cars without domes must not
be loaded to more than 98 percent of shell capacity
with phosphorus. The water cover should be ad-
justed to 99 percent of the shell capacity. Inert gas
of appropriate pressure or a combination of gas and
water may be used. After unloading, the tank must

be filled to its cntire cupicity with un incrt gus or
its cntirc capacity with water at a temperature not
cxcceding 60°C (140°F). If unloading domeless
cars fll with water to 99 percent of the shell capacity
or an appropriatc amount of inert gus or a combina-
tion of both. The unloaded car must be placarded
with a caution placard described in DOT scct. 174.555
before being offered for rcturn moscement.  See
DOT Hazardous Matcrial Tariff Section 17+.562-66,
Scction 174.584(F), and 197.202-5 for plucarding,
billing, and special requirements in addition to Sec-
tion 173.190.

8.5 SHIPPING

8.5.1 Phosphorus. white or yellow, wet (under
water) shipped by rail express must be shipped in
DOT Spec. 15A or I5B wooden boxes with inside
containers which must be hermetically sealed
(soldered) metal cans, containing not over | pound
cach. enclosed in other water-tight metal cans with
screw-top closures, or with soldered closures. This
method is also authorized for rail. highway, and
water shipments. '

8.5.2 Phosphorus. white or vellow, dry must be
cast solid and shipped in DOT Spec. 6A. 6B, 6C
metal barrels or drums not over 30 gallons capacity
each.

8.5.3 Phosphorus. white or yellow, dry must not
be shipped by rail express.

8.5.4 Unloading areas should be well supplied
with tubs of water or cmergency showers and eye
baths which arc casily accessible and plainly marked.

9. WASTE DISPOSAL GUIDELINES AND SPILL CONTROL

9.1 Discarding phosphorus, and materials con-
taminated with it, is not generally permissible. Con-
tact with the supplier or a waste disposal company
is suggested.

10. TANK AND EQUIPMENT

10.1 PREPARATION FOR THE JOB

The hazardous nature of tank inspection, cleaning,
or rcpairs requires that the forcman and crew be
selected, trained, and drilled carcfully. They should
be fully familiar with thce hazards, and the safe-
guar:s necessary for the safc performance of the
work.

102 PREPARATION OF THE TANK OR
EQUIPMENT

Cleaning or making rcpairs inside a tank may be
hazardous cven though the tank containcd a non-
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9.2 “Phossy water” mu.t meet effluent standards
before allowing it to flow out of the plant.

9.3 Solid or pasty residues may be burned subject
to air emission standards.

CLEANING AND REPAIRS

toxic. non-flammablc material or even after the tank
has been cleaned of toxic or lammable material.

10.2.1 Flush tank with hot water one or more
times as nceded. Water temperature should be at
lcast 60°C (140°F) for flushing; however some
phosphorus handlers usc water temperatures as high
as 90°C (194°F). Rcmove the phosphorus water
but lcave cnough to barely cover the residue in the
tank. Then add four to six inches of the coldest
water available, in order to chill any remaining phos-
phorus or solid residuc in the bottom of the tank.
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10.2.2 Run watcr into the cooling coils of the
tank twelve to sixtcen hours before the tank is cn-
tered. The cooling water should be left on during
the entire cleaning operation.

10.2.3 Whercver possible. tanks or vesscls should
be clcaned from the outside, through clean-out
openings.

10.2.4 Pipe lines into or out of the tank or other
apparatus should be disconnected. prefcrably by re-
moving a complete small section. and providing a
blank flange on the open end to protect against
human error and unsuspccted leaks. Valves, cocks,
and blank flanges in the pipe line should not be
relied upon.

10.2.5 Danger signs should be placed suitably to
indicate when workmen are in the tank or other

Tpparatus.
10.2.6 The portable electric lights and power

tools should be in good condition and grounded. Low
voltage lights are recommended.

10.3 TANK ENTRY

10.3.1 Be sure the tank can be left by the
original entrance.

10.3.2 Lock clectrical switches in the off posi-
tion, remove drive belts, and othcrwisc completely
safeguard against accidentally starting the agitating
cquipment or other moving parts located inside or
adjacent to the tank entrance.

10.3.3 Beforc entering a tank and during the
course of the work, tests should be made by a quali-
fied person to determine that no further washing is
necessary, that no oxygen deficiency exists and that
no harmful gases arc present.

10.3.4 The person entering the tank must wear
self-contained or supplied air breathing equipment at

all times while in the tank, -together with rescue
harness life linc und wearing proper personal pro-
tective cquipment.

10.3.5 -Onc person in the tank at a time usually
makes better progress than several. This is also con-
sidered safer, as it minimizes fouling of the air hose
and lifc linc with the piping or other cquipment in
the tank. The men should work in relays.

10.4 EMERGENCY RESCUE

10.4.1 Another person provided with the same
equipment should be on guard at all times that
worker(s) are in the tank. He should keep the man
or men in the tank under constant observation. At
lcast two men should be available to aid in rescue if
it becomes necessary.

10.4.2 A water hose with a control valve at the
outlet should be in a ready position to protect the
man in the tank.

10.5 CLEANING AND REPAIRS TO
TANK AND EQUIPMENT

10.5.1 When first entering the tank it will be
noted that some burning has occurred on the walls
leaving deposits of acid. The acid should be washed
down into the water to prevent injury to the worker
and damage to the equipment. :

10.5.2 When the tank is cooled. all solids above
the frozen phosphorus should be removed by means
of a bucket. Then the solid phosphorus under the
water in the bottom of the tank may be chipped
and broken up with a chisel-pointed bar. The small
pieces of phosphorus should be placed under water
in a bucket to prevent burning and the generation of

vapor.

10.5.3 Extreme care should be taken in remov-
ing buckets not to spill any material on the persoan
in the tank.
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INDEPENDENT SLURRY POT CALCULATIONS
Calculation M-101, Slurry Pot Recirculation Pump Support Bracket, 1/26/95, Rev 0

Calculation V-2214-VESSEL, Vessel Design/Analysis for 6’-0” Dia Slurry Pots,
including V-1213/14, V-2214, V-3213/14, and V-4213/14, based on FMC Design Criteria
and Drawings; 9/13/99, Rev 0.
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Please Note:

Calculation, V-2214-Vessel, was conducted to determine the acceptable shell
thickness limitations for the slurry pot tank design. This calculation was done
specifically for slurry pot vessel V-2214. This slurry pot is has a 6’ — 0" out-side-
to-outside diameter and a seam —to-seam dimension of 2'-10 %4". This slurry pot
represents the worst case design of all the slurry pots with a 6' — 0" out-side-to-
outside diameter but have smaller seam-to-seam dimensions. Therefore, the
results determined in this calculation are applicable to the following 6’ — 0" out-
side-to-outside diameter slurry pots:

V-1213, seam-to-seam dimension: 2'-8"
V-1214, seam-to-seam dimension: 2'-8"
V-3213, seam-to-seam dimension: 2'-8"
V-3214, seam-to-seam dimension: 2'-8"
V-4213, seam-to-seam dimension: 2'-6"
V-4214, seam-to-seam dimension: 2'-8"

This calculation was conducted in accordance industry standards, including the
guidelines outlined in the ASME Boiler and Pressure Vessel Code, Section VI,
Div 1, using FMC'’s design conditions for each slurry pot tank.

The calculation determines the minimum acceptable shell and head thickness,
the required reinforcement at the agitator mounting point, and the reinforcement
requirements at the inlet and outlet connections that support the slurry pots.

From this analysis the minimum acceptable shell thickness was determined for
the slurry pots.
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ATTACHMENT 1, FMC DRAWING #300143, 1 PAGE

ATTACHMENT 2, NOZZLE SCHEDULE, 1 PAGE
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VESSEL DESIGA
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Pressure Vessel Design Pro Corp. ..........
Houston Tx

)
File name & design pressures ( # 1)

Fil
Cus
P.0

e name
t. name
. no.

Item no.

S/o
Des

no.
. nhame

Vess. name
Units (E/M)
Mode desired (D/A)

Spc

Int.
Int.
Ext.
Ext.

"1 requirements
press.
temp.
press.
temp.

v2z14

FMC
96096.088
V-2214

CS HSU

NO.2 FURNACE 2ND PASS SLURRY POT
E

D

10

328
1.8
328

- Liquid levels & flange rating ( # 2 )

Lig

. level #1

Spec. grav.

Liq

. level #2

Spec. grav.

. level #3

Spec. grav.

Inp
Ref

. platf/noz (Y/N)
. file name

Flange mat.
Flange rating

M.A
M.A

- W

.P.  (N&C)
W.P. (Des.)

ind (#3)

Wind (Y/N)
Code (ANSI/ASCE/UBC)
82/88/91/93/94/95/97

Exposure (A/B/C/D)

Wind speed
Factor Kzt/0
Shape factor/Cq/0

Fac

tor 1/0

Gust factor Gh/0

3.25
1.13

Y
V2214NZ
SA 105
150

285
221.6
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Tage 2
titttittittibiit bbbt ittt bbbttt bttt bbbt bb bbb bs 3’2
Pressure Vessel Design Pro Corp. ..........
Houston Tx

+4ttttitittittttttitttitt bbbttt bbbttt bbb bbb bbb bbb S

b e e o o e S
‘eismic & Weight factors ( # 4 )

Seismic (Y/N) =
Code (ANSI/ASCE/UBC) =
88/91/93/94/95/97/Sf =
Seismic zone (0-4) =
Factor Z/Ac/Ca/0 =
Factor I/Av/Ip/0 =
Factor K/Cc/Aa/0 -
Factor S/P/Fa/0 -
Factor Rw/R or 0 =

Input Weights (Y/N) =
Ship/Empty wt factor =
Oper. wt factor =

- Bed packing ( # 5 )

Bed height (#1) =
Pack. wt. =
Elev. -
Elev. =

Lig. hold up (%) =

‘. spec. grav. =

Bed height (#2) =
Pack. wt. =
Elev. =
Elev. =
Liq. hold up (%) =
Lig. spec. grav. =

Y

UBC

97

2 (ZoNE 3 - Tue Dot NoeT  [WMPAcT Tug yeesct
g OR tWoz22et Deaens. HanD CALLS: Toe Tiic

0 GotPoeT\CG,  Nez 2l Vee ZoME T . RTUNMIHA
g Twe Yeeteanr \o Wet Nice s ALY, 2.7 1",'1-'??‘.; )

N

1/1.1

1

- Additional vertical loads ( # 6 )

Vert. load #1 =
Ecc. mom. arm =
Dist. from base =
Dist. from base =
Vert. load #2 =
Ecc. mom. arm =
Dist. from base =
Dist. from base =
Vert. load #3 =
Ecc. mom. arm =
Dist. from base =

‘t. from base =

800
5.25
0

0

700

- b
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Additional horizontal loads ( # 7 )

Hor. load #1 =
Dist. from base =
Dist. from base =
Hor. load #2 -
Dist. from base =
Dist. from base =
Hor. load #3 =
Dist. from base =
Dist. from base =

- Insulation/Eff. dia./Vess. type/Vess. length & size/Grade elev. ( # 8 )
Insulation thk. =0
Eff. dia. or 0 =0

Vess. type (I1D/0D) = 0D

‘lll.s. size =72

Vess. length =3
Vess. length =1
Mat. req. (Y/N) =N
Grade-btm. base =0

- Bottom head material & thickness ( # 9 )

Btm. hd. mat. = SA 516 70
Allow. stress (N&C) = 17500
Allow. stress (Des) = 17500
Yield strength (N&C) = 38000
Mod. elasticity (Des) = 2.872E+07
Joint eff. (%) =70
Corr. allow. = .0625
Head thk. = .25
Factor B =
Btm. hd. type (1-5) =2
Knuckle rad. = 4.5
Dish rad. =72
Head rad./Dia. @ Se =

= 12

‘d depth/Cone 1gth.

0]
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op head material & thickness ( # 10 )

Top hd. mat. = SA 516 70
Allow. stress (N&C) = 17500

Allow. stress (Des) = 17500
Yield strength (N&C) = 38000
Mod. elasticity (Des) = 2.872E+07
Joint eff. (%) =70

Corr. allow. = ,0625
Head thk. = .25
Factor B =

Top hd. type (1-5) =2

Knuckle rad. = 4.5

Dish rad. =72

Head rad./Dia. @ Se
Head depth/Cone 1gth.

- Shell material & thickness ( # 11 )

Sh. material = SA 516 70
Allow. stress (N&C) = 17500
Allow. stress (Des) = 17500
Yield strength (N&C) = 38000
Mod. elasticity (Des) = 2.872E+07

nt eff. (%) =70
r. allow. = .0625

Shell thk. = .25
Factor B =
Ship. wt. =
Empty wt. =
Oper. wt. =
Test wt. =

- Support lug/Anchor bolt material & Lug elevation ( # 12 )

No. of lugs =0
T1.-Btm. base =
T1.-Btm. base =
Lug material =

Allow. stress (N&C)
Allow. stress (Des)
Yield strength (Des)
Mod. elasticity (Des)
Corr. allow. =

| Anchor bolt mat. =

| ‘w. stress (Tens)



f*-ttftttttfttttttttttttifftttt&ftttti&t*tttt*f{ttttttfff’*t?ttftftQtttt*f?f}#tit
.......... Pressure Vessel Design Pro Corp. ..........
Houston Tx
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earing pressure & Bolt/Base plate/Top lug/Bearing surface dimensions ( # 13

)

Bearing press. =
Anchor des. (1/2/3) =
No. of bolts =
Bolt dia. =
Bolt circ. dia. =
Base pl. thk. =
Base pl. width =
Base pl. proj. -
Bearing surface =
Top lug thk. =
Top lug proj. =

- Gusset/Weld/Reinforced pad/Stiffener dimensions ( # 14 )

Gusset thk. =
Gusset length =
Gusset proj. @ top

'a thk. @ lugs

With reinf. pad (Y/N)

Pad thk. =
Pad width =
Pad length =

With stiffeners (Y/N) =
Stiff. thk. =
Stiff. width =

- Vessel stiffeners ( # 15 )

Stiff. size #1 =
Stiff. width =
No. of stiff. =
Stiff. spacing =
Stiff. spacing =
Aver. spacing =
Sect. length =
Sect. length =
Sect. 0D =
Sect. thk. =

fig. no. =
or B -
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External press. calc. & Name plate stamping & Calc. reports ( # 16 )

Ext. press. calc.

+1/3 top hd. (Y/N) =Y
+1/3 btm hd. (Y/N) =Y
M.A.P. (N&C) = 48
M.A.W.P. (Des) = 34
Hydro test press. =73
Calc. report output =
Int. press. (Y/N) =Y
Ext. press. (Y/N) =Y
Lugs design (Y/N) =N




Nozz. mark

Nozz. size (in.)
Rating (150-2500)
Nozz. type (1-3)
With blind (Y/N)
Hinge/Davit (H/D)

Elev. (ft) or (T7/B)
Elev. (in.)
Orientation (deg.)
Nozz. proj.

Nozz. wt. (lbs.)
Reinf. file name
- Nozzle ( # 2 )
Nozz. mark

Nozz. size (in.)
Rating (150-2500)

Nozz. type (1-3)
With blind (Y/N)

.wgelblvit (H/D)

Elev. (ft) or (T/B)
Elev. (in.)
Orientation (deg.)
Nozz. proj.

Nozz. wt. (lbs.)
Reinf. file name
- Nozzle ( # 3 )
Nozz. mark

Nozz. size (in.)
Rating (150-2500)
Nozz. type (1-3)
With blind (Y/N)
Hinge/Davit (H/D)

Elev. (ft) or (T/B)
Elev. (in.)
Orientation (deg.)
Nozz. proj.

Nozz. wWt. (lbs.)

‘inf. file name

(Cv-FF)

(Cv-FF)

(Cv-FF)

Pressure Vessel

Design Pro Corp.

Houston Tx

lNozzle C # 1)

N1 (AGITATOR)
15

150

1

284

N2 (INLET)
14

150

1

N

226

N3 (FOG CONNECTION)

6
150
1
N

59

Tage T
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- Nozzle ( # 4 )

Nozz. mark = N4 (PE CONNECTION)
Nozz. size (in.) = 4

Rating (150-2500) = 150

Nozz. type (1-3) = 1

With blind (Y/N) = N

Hinge/Davit (H/D) -

Elev. (ft) or (T/B) = 2.
Elev. (in.) = 5/
Orientation (deg.) =
Nozz. proj. (Cv-FF) =

Nozz. wt. (lbs.) = 39
Reinf. file name =

- Nozzle ( #5)

Nozz. mark = N5 (PUMP SUCTION)
Nozz. size (in.) =3

Rating (150-2500) = 150

Nozz. type (1-3) = 2

ith blind (Y/N) = N
‘ngeloavit (H/D) =

Elev. (ft) or (T/B) = 2w
Elev. (in.) = & «
Orientation (deg.) =
Nozz. proj. (Cv-FF) =
Nozz. wt. (lbs.) = 27
Reinf. file name =

- Nozzle ( # 6 )

Nozz. mark = N6 (PUMP DISCHARGE)
Nozz. size (in.) = 2
Rating (150-2500) = 150
Nozz. type (1-3) = 2
With blind (Y/N) = N

Hinge/Davit (H/D) =

Elev. (ft) or (T/B) = 2
Elev. (in.) = 6,
Orientation (deg.) =
Nozz. proj. (Cv-FF) =

Nozz. wWt. (lbs.) = 16

.inf. file name =




S SRS

R R )

Pressure Vessel Design Pro Corp.

Houston Tx

‘uoule ( # 7))

Nozz. mark

Nozz. size (in.)

Rating (150-2500)
Nozz. type (1-3)

With blind (Y/N)

Hinge/Davit (H/D)

Elev. (ft) or (T/B)
Elev. (in.)
Orientation (deg.)
Nozz. proj. (Cv-FF)

Nozz. wt. (lbs.)
Reinf. file name

- Nozzle ( # 8 )

Nozz. mark

Nozz. size (in.)
Rating (150-2500)
Nozz. type (1-3)
With blind (Y/N)

.nge/o-vit (H/D)

Elev. (ft) or (T/B)
Elev. (in.)
Orientation (deg.)
Nozz. proj. (Cv-FF)

Nozz. wt. (lbs.)
Reinf. file name

- Nozzle (# 9 )

Nozz. mark

Nozz. size (in.)
Rating (150-2500)
Nozz. type (1-3)
With blind (Y/N)
Hinge/Davit (H/D)

Elev. (ft) or (T/B)
Elev. (in.)
Orientation (deg.)
Nozz. proj. (Cv-FF)

Nozz. wt. (lbs.)

‘inf. file name

N7 (DRAIN)
10 .

150

1

N

123

N8 (OUTLET)
4 v

150

1

H

39

M1
A
150

978

1
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX

‘*ii*i*tt#t'ltt*t'tﬁt't*tfiit**tt”*ﬁitt*’****iﬁﬁt*itttt**l'tt*t****t!titti*'i

CUSTOMER NAME : FMC

P.0. NO. : 96096.088

ITEM NO. : V-2214 S/0 NO. :

VESS. NAME : NO.2 FURNACE 2ND PASS SLURRY POT

DESIGNER NAME : CS HSU DATE : 08-13-1999

AEAREARAARARARARARRRAAEARARAAAARARRERARAAARAAAAAAAA AR A AR AR AR AR AR AR AR A TR A,

72 00 X 3 ft. 1 in. TL-TL

---=-> DESIGN DATA <----

DES. PRESS. (P) : 10 psi.’// DESIGN TEMP. : 328 deg. F -

.nc PRESSURE

LIQUID LEVEL # 1 = 3.25 ft.
SPECIFIC GRAVITY = 1.13 -

FLGS MATERIAL : SA 105

FLGS RATING : 150 #

M.A.W.P. OF FLGS (NEW) : 285 psi.
M.A.W.P. OF FLGS (DES.) : 221.6 psi.

- TOP HEAD

HEAD TYPE : F & D

HD MATERIAL : SA 516 70

ALLOW. STRESS (N & C) : 17500 psi.
ALLOW. STRESS (DES.) : 17500 psi.

J.E. : 70 %

C.A. : .0625 in.
THK. : .25 in.

- BTM. HEAD

D TYPE : F&D
MATERIAL : SA 516 70
LOW. STRESS (N & C) : 17500 psi.

ALLOW. STRESS (DES.) : 17500 psi.
J.E. : 70 %
C.A. : .0625 in.




THK. :

.25 in.

s

I




ITEM NO. : V-2214 S/0 NO. :

AR AR AR AR AR AR R AR AR AR R AR AR A A AR AR A AR AR AR AR AR AR AR AR AR R AR AR AA AR AR AR AR AR ARA

. --- SHELL ---

- 3.083333 ft. OF SHELL

SH. MATERIAL : SA 516 70
ALLOW. STRESS (N & C) : 17500 psi.
ALLOW. STRESS (DES.) : 17500 psi.

J.E. : 70 %
C.A. : .0625 in.
THK. : .25 in.

---> VESSEL CONSTRUCTED PER A.S.M.E. SECT. VIII DIV.

I <---

T}ﬂﬁ |\ 2



ITEM NO. : V-2214 S/0 NO. :

AR AR A AAAAAR AR A AR A AR AR ARA AR AR AR R AR AR RARAAARAARARA AR AR AR R AR TR AR AR A X

--==> SHELL <----

AR AR AR AR AR AR AR A AR AR A AR AR RAR AR R AR RARARAAAAARAARA A AR AR ARk

- Section diameter : 72 in.
- Sect. length : 3.083333 ft.

(P + Stp) X (R)
THK (REQ'D) = -- -— ssueiy O
(Sd X E) + (0.4 X (P + Stp) )

(10 + 1.591294 ) X ( 36 )
THK (REQ'D) = =mmmmmmmmm e e e e e e e e e + .0625
(17500 X .7 ) + (0.4 X ( 10 + 1.591294 ) )

THK (REQ'D) = 9.655132E-02 in.

THK USE (ST) = .25 in.

Sa X E X ST
I () ————

R - (0.4 X ST)

17500 X .7 X .25
M.A.P. (NEW) = =--e-mcemmmmmemmemm e
36 - (0.4 X .25 )

M.A.P. (NEW) = 85.3064 psi.

Sd X E X (ST - C)
M.A.P. (CORR.) = =====memsmmmmmmm— e e
(R) - (0.4 X (ST - C))

17500 X .7 X ( .25 - .0625 )
M.A.P. (CORR.) = -- - e
(36) - (0.4X(.25-.0625))

M.A.P. (CORR.) = 63.93528 psi. 62.34399 psi. (- 1.591294 Stactic P.)

AR AR A AR AR R AR AAAAARARA R AR AR AR AR RAARA AR A AR ARAARARAAR R AR AR AR AR AN

NOMENCLATURE :

‘= Allow. stress (N&C) Sd = Allow. stress (Des.)



721530

ITEM NO. : V-2214 S/0 NO. :

ARAAEARAERR AR AR ER AR A ARAAR AR AR A RAR AR AR R ARAR AR RAARAAKRAARAARAR AR AR AR AR RN

. -===> F & D HEAD <----

AR A AR AR AAA AR A AR AA AR AAARRER AR AR AR AR ARRRRAAAARRARRA AR AR AR AR AR AR h o

lo= 72 Ro= 4.5
Li/Ri = 16.88235 M = 1.763304
(P +Stp) X (Lo) X M
THK (REQ'D) = =====mmmmmmmmmmmmmm e +C
(2 X Sd X E) + ((M-0.2) X (P +Stp))
(10 + 1.583644 ) X ( 72 ) X 1.763304
THK (REQ'D) = =m==mmmmmmmmm e e e e e e + .0625

(2 X 17500 X .7 ) + ( ( 1.763304 - .2 ) X ( 10 + 1.583644 ) )

THK (REQ'D) = .1224816 in.

THK USE = .25 in.

2 X Sa X EXHT
P. (NEW) = =mmommmmmmmmmm oo

(Lo X M) = ((M-0.2) X HT)

2 X 17500 X .7 X .25
M.A.P. (NEW) = === e oo o o e e e
(72 X 1.763304 ) - ( ( 1.763304 - 0.2 ) X .25 )

M.A.P. (NEW) = 48.39331 psi.
2XSdXEX(HT -C)

HEALPL (CORRLY » mommememmsrmemnmenm—os e
(Lo X M) + ((M-0.2) X (HT - C))

2 X 17500 X .7 X ( .25 - .0625 )
M.A.P. (CORR.) = ===mmmmm=mmmm B
(72 X 1.763304 ) - ( ( 1.763304 - 0.2 ) X ( .25 - .0625 ))

M.A.P. (CORR.) = 36.26698 psi. 34.68334 psi. (- 1.583644 Stactic P.)

AR AR AR AR AR AR R AR AAR AR AR AR AR R AR KRR R AR AR A AR A ARRAARR A AR A AR AR AR AR AR AR AT

NOMENCLATURE :

‘z Allow. stress (N&C) Sd = Allow. stress (Des.)



Tag 15

ITEM NO. : V-2214 S/0 NO. :

AARR AR AR AR A AR AR AR A AR AR RA AR RAA AR AAA A AR AR AR AR AR AR AR AR AR AR AR A AR A Ak n

' ---=> F & D HEAD <----

AR AR AR AR AR AAA AR AR AARA A ARAA A AR AR AARRAR AR AR AR R AR AR

Lo = 72 Ro = 4.5
Li/Ri = 16.88235 M = 1.763304
(P +Stp) X (Lo) X M

THK (REQ'D) = = suss P90
(2 X Sd X E) + ((M-0.2) X (P +Stp))

( 10 + 8.160487E-02 ) X ( 72 ) X 1.763304
THK (REQ'D) = ---- -- e + .0625
(2 X 17500 X .7 ) + ( ( 1.763304 - .2 ) X ( 10 + 8.160487E-02 ) )

THK (REQ'D) = .1147088 in.

‘ THK USE = .25 in.

|
} ‘III’ 2 X Sa X EXH

WAP. (REMS s in s i atain
(Lo X M) - ((M-0.2) X HT)

2 X 17500 X .7 X .25
M.A.P. (NEW) = =mmmmm e e e e e e e e e e
(72 X 1.763304 ) - ( ( 1.763304 - 0.2 ) X .25)

M.A.P. (NEW) = 48.39331 psi.

2 X SdXEX(HT - C)
M.A.P. (CORR.) = ==mmmmmmmmmmmmmem oo
(Lo X M) + ((M-0.2) X (HT - C))

2 X 17500 X .7 X ( .25 - .0625 )
M.A.P. (CORR.) = =---m-cmmmmcemcmoomemm——eem——e— e eee
(72 X 1.763304 ) - ( ( 1.763304 - 0.2 ) X ( .25 - .0625 ))

M.A.P. (CORR.) = 36.26698 psi. 36.18538 psi. (- 8.160487E-02 Stactic P.)

e e s s s e s s e s e e e SR e e e R s

‘ENCLATURE :
a = Allow. stress (N&C) Sd = Allow. stress (Des.)



ITEM NO. : V-2214 S/0 NO. :

AAARRA AR AR AR AR A AR AR A AR AR RA AR AR AR AR AR A AR AARAARARAA AR AR AR AR AR AR AR AR AR A

****%X NAME PLATE STAMPING *****

AR AR AR AR AR A AR AR A A AR AR AR AR AR AR ARAR A AR AARR AR AR AR AR AR A ARk ®

M.A.P. (N&C) = 48 psi. @ Atm. temp. (GOVERNS BY : Bottom Head)

M.A.W.P. (DES.) = 34 psi. @ 328 deg. F (GOVERNS BY : Bottom Head) *

HYDRO TEST PRESS. = 1.5 X M.A.P. (N & C) = 73 psi.

AR AR R AR AR AR AR AR AR AR AR AR AR AR A AR AR A AR AR A AAA AR AR R AR AR RARRA A AR

* --> M.A.W.P. shown above, excluded static head pressure.
1.8 psi. ext. press. @ 328 deg. F

12

&

16
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX
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CUSTOMER NAME : FMC

P.0. NO. : 96096.088

ITEM NO. : V-2214 S/0 NO. :

VESS. NAME : NO.2 FURNACE 2ND PASS SLURRY POT

DESIGNER NAME : CS HSU DATE : 08-13-1999

AR A AR A AR AR EAAARAANERARRRAAAARAAAARARRRAARA AR AR X AARARARRAARRAR AR AR AT AKX

72 in. OD X 3 FT 1 in. TL-TL

-===> DESIGN DATA <----

DES. PRESS : 1.8 psi. DES. TEMP. : 328 deg. F
‘. @ SH : .0625 C.A. @ HDS : .0625
J.E. @ SH : 70 % J.E. @ HDS : 70 % .
----- SHELL -----

SH MATERIAL : SA 516 70
ALLOW. STRESS (DES.) : 17500 psi.

SH THK (NEW) : .25 in.

----- HEADS -----
HD MATERIAL : SA 516 70 (Btm.) SA 516 70 (Top)
ALLOW. STRESS (DES.) : 17500 psi. 17500 psi.
HD THK (NEW) : .25 in. .25 in.

%%n ]
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ITEM NO. : V-2214 S/0 NO. :

AAAAARREA AR AAAARRARARARRAAAARARARRRARRAAAAAAAAA AR AR R AR AR AR AR AR ARk kdhd

---=> SHELL <----

AR AR AR AR AR A RARARR A AR AR ARRARA AR AR AR AR AARRRARAA AR AR AAARARRA AR A AR AR AR AR kd®

TL TO TL = 37 in.

1/3 OF HD DEPTH = 4 in.
L (USE) = 41 in.

0D = 72 in.

T (CORR.) = .1875 in.

L/ OD=41/72= .5694444

0D/ T=72/ .1875 = 384

‘3.2621118-04 (FIG. 6)

B = 4684.392 psi. (FIG. CS-2) & (UG-23)

PA = (4 XB) / (3 X (0D /T))
PA = (4 X 4684.392 ) / (3 X ( 72 / .1875))

PA = 16.26525 psi. @ 328 deg. F

AR EARAARARARRAAARARAAARARAARAAAAARRARRRRRARAARAARRAARAARR AR AR AR AR AR AR AR A AR kdk




: 1‘[
ITEM NO. : V-2214 S/0 NO. : TE’&?Q

AERAREAR TR RR LA 2 2 3 2 2 % 2 2

---------- AEAAA AR AR AR AR AR A AR AA A AR A AR AR AR AR AAAAAAAAAARAAAEAAAAXIAARAAARAATRRR A=

RO = OD = 72 in.

T (CORR.) = .1875 in.
RO/ T =72/ .1875 = 384

A =0.125 / (RO /T)
A=0.125/ ( 72 / .1875 ) = 3.255208E-04

B = 4674.48 psi. (FIG. CS-2) & (UG-23)

‘:s/(nom)

PA = 4674.48 / ( 72 / .1875 ) = 12.17312 psi. @ 328 deg. F

"'i*.'*ﬂiﬁ*R"ﬁ'..i*ﬁ*‘*i**‘.tiﬁ***i**'***ﬁ'*tit"ﬁ'.'R'*ﬁﬁtii"t*****ii*ﬁtt'*it**




ITEM NO. : V-2214 S/0 NO. :

'i.*'iﬁf.*'fﬁttittiﬁt'ﬁ’**i'tt*"'***tﬁ.ﬁittt"ﬁ*ﬁ.iﬁ*'***ﬁiﬁ"t"'fﬂﬁtﬁ.ﬁ.'ﬁ*'t

---=> F & D HD (TOP) <----

AR REAAAEARRAAAARAARRARR AR AR AARARAAR R AR AR AR AR AR AR AR AR AR AR AR AR dx

RO = 0D = 72 in.

T (CORR.) = .1875 in.
RO/ T =172/ .1875 = 384

A = 0.125/ (RO /T)
A=0.125/ ( 72 / .1875 ) = 3.255208E-04

B = 4674.48 psi. (FIG. CS-2) & (UG-23)

‘-e/(non)

PA = 4674.48 / ( 72 / .1875 ) = 12.17312 psi. @ 328 deg. F

AARE AR R AR R AR A AR AR AR AR AR KRR AR R AR R AR R AR AR AR A AR AR AR AR AA AR A ARARA AR AR A AR AR
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.......... Pressure Vessel Design Pro Corp. ..........
Houston Tx
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File name & design pressures ( #1 )

File name = V2214N1
Cust. name = FMC

P.0. no. = 96096.088
Item no. = V-2214
S/o no. =

Des. name = CS HSU
Vess. name = NO.2 FURNACE 2ND PASS SLURRY POT
Units (E/M) =E

Mode desired (D/A) = A

M.A.P. = 10/1.8
M.A.W.P. = 10/1.8
Des. temp. = 328

- Vessel & nozzle material ( # 2 )

Vess. mat. = SA 516 70
Allow. stress (n&) = 17500
Allow. stress (des.) = 17500

Joint eff. (%) = 100
Corr. allow. = ,0625
s. thk. = 0.375
‘s. 1D = 71.25
Nozz. mk. = Nl
Nozz. mat. = SA 516 70

Allow. stress (n&c) = 17500
Allow. stress (des.) = 17500
Joint eff. (%) = 100

Corr. allow. .0625

- Nozzle location ( # 3 )

Location (S/H/C) =S
Head type (E/F/H/FLG)

0.9 use (Y/N)

Ins. crown rad. =
Ins. kn. rad. =
Factor M use (Y/N)

Head rad. =
Cone 1D (se) =
Cone heigth =

‘. to cone sm. (le)
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.......... Pressure Vessel Design Pro Corp. .......... E&R
Houston Tx
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Reinforcing type & material ( # 4 )

100% reinf. (Y/N) =N

Tr (n&c) =

Tr (des.) =
Nozzle type (R/I) =R

Pad mat. = SA 516 70
Allow. stress (n&) = 17500
Allow. stress (des.) = 17500
Bevel deg. B

Nut stop/relief (S/R) =
Toler. @ nut stop =

Tol. @ nut space =

- Nozzle with reinforced pad ( # 5 )

Ins. proj. =0
Nozzle size =15
Nozz. thk. = 0.375
Nozz. 0D = 21.2132
Nozz. sch. =
‘th pad (Y/N) =Y
Pad thk. = 0.375
Pad width =3

Weld thk. (outs.) =
Weld thk. (ins.) =
Weld thk. (pad)

- Self reinforced nozzle ( # 6 )

Ins. proj. -
Nozzle size =
Nozz. thk. =
Nozz. 0D =
Nozz. Rating/Sch. =
Quts. proj. =
Flange face (1/2/3) =
Dim. a =
Dim. b =
Dim. ¢ =

Weld thk. (outs.) =

‘ld thk.(ins.) =
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Pressure Vessel Design Pro Corp. ..........

Houston Tx

i
We
Ca
N&

Re
Ex

Hi
Ct

Pe

De

Calculation reports

1d calc. (Y/N)
1c. report (Y/N)
C report  (Y/N)
suls only (Y/N)
t. P calc. (Y/N)

11 side (Y/N)
r-Ctr dim.

r 1-7(b) (Y/N)

s. ext. press.

Shell length

Tr

(ext.) (N&C)

(#8)

(#7)

- < =< =< X

2.872E+07
34.25
.1875

%?(. 2%
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX

.tti**t**tttt'ttt*tttttttt*tttt**t*t*tit***tittt*"ttt*it*ttt*i#tt*tt't*tttttit
-=== NOZZLE REINFORCEMENT ----
CUSTOMER NAME : FMC
P.0. NO. : 96096.088

ITEM NO. : V-2214 S/0 NO. :
DESIGNER NAME : CS HSU DATE : 08-13-1999

\
|
1 P 2 222 22t sttt sttt sttt sttssts st s s s s a2 s s s s s s st et st s s s sy
| --=> DESIGN DATA <----
NOZ. DESCR. : (N1) 15 in. OPENING IN 71.25 in. ID SHELL

MAP & MAWP : 10 psi. (N&C) 10 psi. (DES.)

DES. TEMP. : 328 deg. F

VESSEL :

‘LL MAT. : SA 516 70
ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.)
THK : .375 in. (N&C) .3125 in. (CORR.)
NOZZLE :

NECK MAT. : SA 516 70

ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.)
THK : .375 in. (N&C) .3125 in. (CORR.)
0D : 21.2132 in. ()

ID : 20.4632 in. (N&C) 20.5882 in. (CORR.)
J.E. @ JUNCTION : 100 (%) C.A. = .0625 in.

|
J.E. @ JUNCTION : 100 (%) C.A. = .0625 in.
|

WELD THK @ NECK : 0 in. (OUTWARD)

PAD : .375 in. THK X 3 in. WIDE W/ 0 in. THK WELD @ PAD
MAT. : SA 516 70
ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.)




ITEM NO. : V-2214 S/0 NO. :
NOZ. MK. : N1

*".'.iifiﬁt'i'ttﬁ*i.*"ﬁ'**'i..**ﬁ**"*ﬂfﬁ'l**ﬁi""**f‘*****'***tii’"tt"tt’ﬁﬁ't’

---> DESIGN CONDITION <---

LIMITS :
HORIZONTAL LIMIT = 9.9816 in.
VERTICAL LIMIT = .78125 in.

STRENGTH RED. FACTORS :
fr (A2,A3 & A43) =1
fr (Ad1) =1

fr (A5 & A42) = 1

tr = 2.039985E-02 in. ( Ext. = .125 in. )

trn = 5.884361E-03 in. ( Ext. = .106066 in. )

A = .4199962 in. sq. ( Ext. = 1.286762 in. sq. )
Al = 6.013816 in. sq. ( Ext. = 3.860287 in. sq.)
A2 = ,4790869 in. sq. ( Ext. = .3225532 in. sq. )
A3 = 0 in. sq. Y

A4l = 0 in. sq.
A43 = 0 in. sq.

2 =0 in. sq.
= 2.25 in. sq.
AREA AVAIL. (Aa) = 8.742903 in. sq. ( Ext. = 6.43284 in. sq. )

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <===

U




ITEM NO. : V-2214 $/0 NO. : %%Q 2&

NOZ. MK. : N1

AR AR AR R AR R AR AR AR AR R AR AR AR AR AR AR AR A AR R A AR AR ARAAAA R AR ARAR AR A AR AR AR AR AR AR A A AR

‘ ---> N & C CONDITION <---

LIMITS :

HORIZONTAL LIMIT = 9.8566 in.
VERTICAL LIMIT = .9375 in.

STRENGTH RED. FACTORS :

fr (A2,A3 & A43) =1
fr (A41) = 1
fr (AS & A42) = 1

tr = 2.036412E-02 in.
trn = 5.848634E-03 in.

A = .4167152 in. sq.

Al = 7.256985 in. sq.
A2 = .6921588 in. sq.
A3 = 0 in. sq.

A4l = 0 in. sq.

A43 = 0 in. sq.

=0 in. sq.
= 2.25 in. sq.
AREA AVAIL. (Aa) = 10.19914 in. sq.

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <===




NozZLE RE/NFORCEMeNT (A >)
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.......... Pressure Vessel Design Pro Corp. ..........
Houston Tx
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File name & design pressures ( # 1)

File name = V2214N2
Cust. name = FMC

P.0. no. = 96096.088
Item no. = V-2214
S/o no. =

Des. name = CS HSU
Vess. name = NO.2 FURNACE 2ND PASS SLURRY POT
Units (E/M) = E

Mode desired (D/A) = A

M.A.P. = 10/1.8
M.A.N.P. = 10/1.8
Des. temp. = 328

- Vessel & nozzle material ( # 2 )

Vess. mat. = SA 516 70
Allow. stress (n&) = 17500
Allow. stress (des.) = 17500

Joint eff. (%) = 100
Corr. allow. = .0625
ss. thk. = 0.375
‘ss. 10 = 71.25
Nozz. mk. = N2
Nozz. mat. = SA 106 B

Allow. stress (n&c) = 15000
Allow. stress (des.) = 15000
Joint eff. (%) = 100

Corr. allow. .0625

- Nozzle location ( # 3 )

Location (S/H/C) =H
Head type (E/F/H/FLG) = F
0.9 use (Y/N) =
Ins. crown rad. =72
Ins. kn. rad. = 4.5
Factor M use (Y/N) =Y
Head rad. =
Cone ID (se) =
Cone heigth =

‘r. to cone sm. (le)
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Houston Tx
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Reinforcing type & material ( # 4 )

100% reinf. (Y/N) =N

Tr (n&c) =

Tr (des.) =

Nozzle type (R/I) =R

Pad mat. = SA 516 70
Allow. stress (n&) = 17500
Allow. stress (des.) = 17500
Bevel deg. =

Nut stop/relief (S/R) =

Toler. @ nut stop =

Tol. @ nut space -

- Nozzle with reinforced pad ( # 5 )

Ins. proj. =0
Nozzle size = 14
Nozz. thk. = 0.5
Nozz. 0D = 14
Nozz. sch. = XST
.th pad (Y/N) =Y
Pad thk. = 0.375
Pad width =3

Weld thk. (outs.) =
Weld thk. (ins.)
Weld thk. (pad)

- Self reinforced nozzle ( # 6 )

Ins. proj. =
Nozzle size -
Nozz. thk. =
Nozz. 0D =
Nozz. Rating/Sch. =
Quts. proj. =
Flange face (1/2/3) =
Dim. a =
Dim. b =
Dim. ¢ =

weld thk. (outs.) =

‘ld thk.(ins.) =
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Pressure Vessel Design Pro Corp. ..........

Houston Tx
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Calculation reports

Weld calc. (Y/N)
Calc. report (Y/N)
N&C report  (Y/N)
Resuls only (Y/N)

Ext. P calc. (Y/N)

Hill side (Y/N)
Ctr-Ctr dim.

Per 1-7(b) (Y/N)
Des. ext. press.
Shell length

Tr (ext.) (N&C)

- (#8)

(#7)

- < < < =

2.872E+07
34.25
.1875

T?aaﬂ Zq
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX

‘tttﬁi't*'t"*ttitfitit*ttit'l#Itittitttt*tttﬁtifii*'*titfti*tttttttﬁi*'*ttﬁtttt
===- NOZZLE REINFORCEMENT ----
CUSTOMER NAME : FMC
P.0. NO. : 96096.088

ITEM NO. : V-2214 S/0 NO. :
DESIGNER NAME : CS HSU DATE : 08-13-1999

AEEERA R AR AR A R RA AR A AR AR AR AR AR AR AR A AR AR AR ARARARARAARA AR AR AR AR AR AR AR AR ARk

---> DESIGN DATA <----
NOZ. DESCR. : (N2) 14 in. OPENING IN 71.25 in. ID F & D HD

MAP & MAWP : 10 psi. (N&C) 10 psi. (DES.)
DES. TEMP. : 328 deg. F
VESSEL :

D HD MAT. : SA 516 70

ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.)
THK : .375 in. (N&C) .3125 in. (CORR.)
INS. CROWN RAD. : 72 in. (N&C) 72.0625 in. (CORR.)
INS. KNUCKLE RAD. : 4.5 in. FACTOR M = 1.75
J.E. @ JUNCTION : 100 (%) C.A. = .0625 in.
NOZILE :

NECK MAT. : SA 106 B

ALLOW. STRESS : 15000 psi. (N&C) 15000 psi. (DES.)
THK : .5 in. (N&C) .4375 in. (CORR.)
0D : 14 in. (XST)

ID : 13 in. (N&C) 13.125 in. (CORR.)
J.E. @ JUNCTION : 100 (%) C.A. = .0625 in.

WELD THK @ NECK : 0 in. (OUTWARD)

REINF. PAD :

PAD : .375 in. THK X 3 in. WIDE W/ 0 in. THK WELD @ PAD
MAT. : SA 516 70
ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.)




ITEM NO. : V-2214 S/0 NO. :
NOZ. MK. : N2

AR AR A AR AR R AR AR AR AR AR A AR AA AR AEAAAARRAARAAARRAARAR AR AR AR AR AR A A ARk hh

---> DESIGN CONDITION <---

LIMITS :
HORIZONTAL LIMIT = 6.125 in.
VERTICAL LIMIT = .78125 in.

STRENGTH RED. FACTORS :

fr (A2,A3 & A43) = .8571429
fr (A41) = .8571429

fr (A5 & A42) = 1

tr = 3.603331E-02 in. ( Ext. = .125 in. )

trn = 4.376751E-03 in. ( Ext. = .07 in. )

A = 4774414 in. sq. ( Ext. = .8359375 in. sq. )
Al = 3.594067 in. sq. ( Ext. = 2.4375 in. sq.)

A2 = .5800758 in. sq. ( Ext. = .4921875 in. sqg. )
A3 = 0 in. sq.

A4l = 0 in. sq.

A43 = 0 in. sq.
=0 in. sq.
= 2.25 in. sq.
AREA AVAIL. (Aa) = 6.424143 in. sq. ( Ext. = 5.179688 in. sq. )

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <===




ITEM NO. : V-2214 $/0 NO. : ?ﬁ%ﬁ 2Z

NOZ. MK. : N2

AR AR AR AR A AR A AAR A AR AR RARRARAAAAAAARARARAARRRA AR AR AARRRARAR A AR AR AR AR AR AR AR

’ --=> N & C CONDITION <---

LIMITS :
HORIZONTAL LIMIT = 6 in.
VERTICAL LIMIT = .9375 in.

STRENGTH RED. FACTORS :

fr (A2,A3 & A43) = .8571429
fr (A41) = .8571429

fr (A5 & A42) =1

tr = 3.600206E-02 in.
trn = 4.335067E-03 in.

A = .4731698 in. sq.

Al = 4.358545 in. sq.
A2 = ,7966043 in. sqg.
A3 = 0 in. sq.

A4l = 0 in. sq.

A43 = 0 in. sq.

2 =0 in. sq.
= 2.25 in. sq.
AREA AVAIL. (Aa) = 7.405149 in. sq.

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <===
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Pressure Vessel Design Pro Corp. ..........
Houston Tx
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File name & design pressures ( # 1)

File name

Cust. name

P.0. no.

Item no.

S/o no.

Des. name

Vess. name

Units (E/M)

Mode desired (D/A)

M.A.P.
M.A.W.P.
Des. temp.

= V2214N3

= FMC
96096.088
V-2214

CS HSU

NO.2 FURNACE 2ND PASS SLURRY POT
=E

A

10/1.8
10/1.8
= 328

- Vessel & nozzle material ( # 2 )

Vess. mat.

Allow. stress (n&c)
Allow. stress (des.)
Joint eff. (%)

Corr. allow.

s. thk.
"IIIES. 1D
Nozz. mk.
Nozz. mat.
Allow. stress (n&c)
Allow. stress (des.)
Joint eff. (%)
Corr. allow.

= SA 516 70
= 17500

= 17500

= 100

= .0625

= 0.375
=71.25

= N3

=SA 538
= 15000

= 15000

= 100
.0625

- Nozzle location ( # 3 )

Location (S/H/C)
Head type (E/F/H/FLG)

0.9 use (Y/N)

Ins. crown rad.
Ins. kn. rad.
Factor M use (Y/N)

Head rad.

Cone ID (se)
Cone heigth

‘. to cone sm. (le)

=H
F

"
-

)

\)I

(87}
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Reinforcing type & material ( # 4 )

100X reinf. (Y/N) =N

Tr (n&c) =

Tr (des.) =

Nozzle type (R/I) =R

Pad mat. = SA 516 70
Allow. stress (n&c) = 17500
Allow. stress (des.) = 17500
Bevel deg. -

Nut stop/relief (S/R)
Toler. @ nut stop =
Tol. @ nut space =

- Nozzle with reinforced pad ( # 5 )

Ins. proj. =0
Nozzle size =6
Nozz. thk. = 0.28
Nozz. 0D = 6.625
Nozz. sch. = 40
‘h pad (Y/N) =Y
Pad thk. = 0.375
Pad width =3

Weld thk. (outs.) =
Weld thk. (ins.) =
Weld thk. (pad)

- Self reinforced nozzle ( # 6 )

Ins. proj. =
Nozzle size =
Nozz. thk. =
Nozz. 0D =
Nozz. Rating/Sch. =
Outs. proj. =
Flange face (1/2/3) =
Dim. a =
Dim. b =
Dim. ¢ =

weld thk. (outs.) =

‘ld thk.(ins.) =
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Pressure Vessel Design Pro Corp. ..........

Calculation reports ( # 7 )
Weld calc. (Y/N) =N
Calc. report (Y/N) =Y
N&C report  (Y/N) =Y
Resuls only (Y/N) =Y
Ext. P calc. (Y/N) =Y
Hill side (Y/N) = N
Ctr-Ctr dim. =
Per 1-7(b) (Y/N) =Y
Des. ext. press. = 2.872E+07
Shell length = 34.25
Tr (ext.) (N&C) = .1875

(#8)

Houston Tx

?agyo 25
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX
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---- NOZZLE REINFORCEMENT ----
CUSTOMER NAME : FMC
P.0. NO. : 96096.088

ITEM NO. : V-2214 S/0 NO. :
DESIGNER NAME : CS HSU DATE : 08-13-1999

AR AR AR AR R AR AR AR AR AR AR AR R AR A AR AR AR AR AR AR ARAR A AR AR AR AR AR AR AR AR ARk kK

---> DESIGN DATA <----
NOZ. DESCR. : (N3) 6 in. OPENING IN 71.25 in. ID F & D HD

MAP & MAWP : 10 psi. (N&C) 10 psi. (DES.)
DES. TEMP. : 328 deg. F
VESSEL :

D HD MAT. : SA 516 70

ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.)
THK : .375 in. (N&C) .3125 in. (CORR.)
INS. CROWN RAD. : 72 in. (N&C) 72.0625 in. (CORR.)
INS. KNUCKLE RAD. : 4.5 in. FACTOR M = 1.75
J.E. @ JUNCTION : 100 (%) C.A. = .0625 in.
NOZZLE :

NECK MAT. : SA 53 B

ALLOW. STRESS : 15000 psi. (N&C) 15000 psi. (DES.)
THK : .28 in. (N&C) .2175 in. (CORR.)
0D : 6.625 in. (40)

ID : 6.065 in. (N&C) 6.19 in. (CORR.)
J.E. @ JUNCTION : 100 (%) C.A. = .0625 in.

WELD THK @ NECK : 0 in. (OUTWARD)

PAD : .375 in. THK X 3 in. WIDE W/ 0 in. THK WELD @ PAD
MAT. : SA 516 70
ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.)




ITEM NO. : V-2214 S/0 NO. :
NOZ. MK. : N3

AR AR AR R AR AR E R AR AR AR R A AR R AR R AR AR AR AR R A AR AR A AR AR AR AR AR AR R AR AR R AR AR AR

‘ ---> DESIGN CONDITION <---

LIMITS :
HORIZONTAL LIMIT = 2.8775 in.
VERTICAL LIMIT = .78125 in.

STRENGTH RED. FACTORS :

fr (A2,A3 & A43) = .8571429
fr (A41) = .8571429

fr (A5 & A42) = 1

tr = 3.603331E-02 in. ( Ext. = .125 in. )
trn = 2.064159E-03 in. ( Ext. = 4.140625E-02 in. )
A = .2252854 in. sq. ( Ext. = .3946429 in. sq. )
Al = 1.694148 in. sq. ( Ext. = 1.148973 in. sq.)
A2 = ,2885301 in. sq. ( Ext. = .2358399 in. sq. )
A3 = 0 in. sq.
A4l = 0 in. sq.
A43 = 0 in. sq.

=0 in. sq.

= 2.158125 in. sq.
AREA AVAIL. (Aa) = 4.140803 in. sq. ( Ext. = 3.542938 in. sq. )

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <===
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ITEM NO. : V-2214 S/0 NO. : 'Vaafq 28

NOZ. MK. : N3

AR AR AR AR AR AR A A AR AR AR R A A AAAAAAAAAARARAARAAAAARAARAR A AR R AR AR RAN

. --=> N & C CONDITION <---

LIMITS :
HORIZONTAL LIMIT = 2.7525 in.
VERTICAL LIMIT = .9375 in.

STRENGTH RED. FACTORS :

fr (A2,A3 & A43) = .8571429
fr (A41) = .8571429

fr (A5 & A42) = 1

tr = 3.600206E-02 in.
trn = 2.022476E-03 in.

A = ,2212327 in. sq.

Al = 2.028903 in. sq.
A2 = 4467496 in. sq.
A3 = 0 in. sq.

A4l = 0 in. sq.

A43 = 0 in. sq.

= 0 in. sq.
= 2.064375 in. sq.
AREA AVAIL. (Aa) = 4.540027 in. sq.

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <===
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File name & design pressures ( # 1)

File name = V2214N4
Cust. name = FMC

P.0. no. = 96096.088
Item no. = V-2214
S/o0 no. =

Des. name = CS HSU
Vess. name = NO.2 FURNACE 2ND PASS SLURRY POT
Units (E/M) =E

Mode desired (D/A) = A

M.A.P. = 10/1.8
M.A.M.P. = 10/1.8
Des. temp. = 328

- Vessel & nozzle material ( # 2 )

Vess. mat. = SA 516 70
Allow. stress (n&c) = 17500
Allow. stress (des.) = 17500

Joint eff. (%) = 100
Corr. allow. = 0625
s. thk. = 0.375
‘s. 1D = 71.25
Nozz. mk. = N4
Nozz. mat. = SA 53 B

Allow. stress (n&) = 15000
Allow. stress (des.) = 15000
Joint eff. (X) = 100

Corr. allow. .0625

- Nozzle location ( # 3 )

Location (S/H/C) =S
Head type (E/F/H/FLG)

0.9 use (Y/N)

Ins. crown rad. =
Ins. kn. rad. =
Factor M use (Y/N)

Head rad. =
Cone ID (se) =
Cone heigth =

‘r. to cone sm. (le)
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Pressure Vessel Design Pro Corp. ..........
Houston Tx

Reinforcing type & material ( # 4 )

100% reinf. (Y/N)
Tr (n&c)
Tr (des.)

Nozzle type (R/I)

Pad mat.
Allow. stress (n&c)
Allow. stress (des.)

Bevel deg.

Nut stop/relief (S/R)
Toler. @ nut stop
Tol. @ nut space

SA 516 70
17500
17500

- Nozzle with reinforced pad ( # 5 )

Ins. proj.
Nozzle size
Nozz. thk.
Nozz. 0D
Nozz. sch.

‘th pad (Y/N)

Pad thk.
Pad width

Weld thk. (outs.)
Weld thk. (ins.)
Weld thk. (pad)

0

4
0.237
4.5
40

0.375
2.25

- Self reinforced nozzle ( # 6 )

Ins. proj.

Nozzle size

Nozz. thk.

Nozz. 0D

Nozz. Rating/Sch.

Quts. proj.

Flange face (1/2/3)
Dim. a

Dim. b

Dim. ¢

Weld thk. (outs.)

"ld thk.(ins.)

?0%9 40
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Calculation reports ( #7 )

weld calc. (Y/N)
Calc. report (Y/N)
N&C report  (Y/N)
Resuls only (Y/N)
Ext. P calc. (Y/N)

Hi1l1 side (Y/N)
Ctr-Ctr dim.

Per 1-7(b) (Y/N)
Des. ext. press.
Shell length

Tr (ext.) (N&C)

< it 83

< < < < =

2.872E+07
34.25
.1875

Toge 4
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX
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-==- NOZZLE REINFORCEMENT ----
CUSTOMER NAME : FMC
P.0. NO. : 96096.088

ITEM NO. : V-2214 S/0 NO. :
DESIGNER NAME : CS HSU DATE : 08-13-1999

AR AR A AR A AR AR AR AR A AR AR AR R AR AR A AARA AR ARRRARARA R AR AR AR ARAA R AR ARk ok
---> DESIGN DATA <----
NOZ. DESCR. : (N4) 4 in. OPENING IN 71.25 in. ID SHELL

MAP & MAWP : 10 psi. (N&C) 10 psi. (DES.)

DES. TEMP. : 328 deg. F

VESSEL :

.ELL MAT. : SA 516 70
ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.)
THK : .375 in. (N&C) .3125 in. (CORR.)
J.E. @ JUNCTION : 100 (%) C.A. = .0625 in.
NOZZLE :

NECK MAT. : SA 53 B

ALLOW. STRESS : 15000 psi. (N&C) 15000 psi. (DES.)
THK : .237 in. (N&C) .1745 in. (CORR.)
0D : 4.5 in. (40)

ID : 4.026 in. (N&C) 4.151 in. (CORR.)
J.E. @ JUNCTION : 100 (%) C.A. = .0625 in.

WELD THK @ NECK : 0 in. (OUTWARD)
REINF. PAD :
PAD : .375 in. THK X 2.25 in. WIDE W/ 0 in. THK WELD @ PAD

MAT. : SA 516 70
ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.)

i
L



NOZ. MK. : N4

ITEM NO. : V-2214 $/0 NO. : Ta%; 4%
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‘ -=-=> DESIGN CONDITION <---

LIMITS :
HORIZONTAL LIMIT = 1.901 in.
VERTICAL LIMIT = .78125 in.

STRENGTH RED. FACTORS :

fr (A2,A3 & A43) = .8571429
fr (A41) = .8571429

fr (A5 & A42) = 1

tr = 2.039985E-02 in. ( Ext. = .125 in. )
trn = 1.38422E-03 in. ( Ext. = .028125 in. )
A = B.569685E-02 in. sq. ( Ext. = .2656696 in. sq. )
Al = 1.197944 in. sq. ( Ext. = .7689643 in. sq.)
A2 = ,2318515 in. sq. ( Ext. = .1960379 in. sq. )
A3 = 0 in. sq.
A4l = 0 in. sg.
A43 = 0 in. sq.
=0 in. sq.
= 1.42575 in. sq.
AREA AVAIL. (Aa) = 2.855546 in. sq. ( Ext. = 2.390752 in. sq. )

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <===




ITEM NO. : V-2214 $/0 NO. : ?0%1 ald

NOZ. MK. : N4

*"*Q'I*"*'t'**if'i’tt"*"ﬁtﬁ*ﬂ"*i""ﬁt**'*ﬁ*"*'.t'itﬂ'!’*ﬁt*!i'i‘ﬁ**'ii't***t

‘ -==> N & C CONDITION <---

LIMITS :

HORIZONTAL LIMIT = 1.776 in.
VERTICAL LIMIT = .9375 in.

STRENGTH RED. FACTORS :

fr (A2,A3 & A43) = .8571429
fr (A41) = .8571429

fr (AS & A42) =1

tr = 2.036412E-02 in.
trn = 1.342537E-03 in.

A = .0833649 in. sq.

Al = 1.40375 in. sq.
A2 = .3787352 in. sq.
A3 = 0 in. sq.
A4l = 0 in. sq.
A43 = 0 in. sq.

= 0 in. sq.
= 1.332 in. sq.
AREA AVAIL. (Aa) = 3.114485 in. sq.

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <===
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ile name & design pressures ( # 1)

File name = V2214N5
Cust. name = FMC

P.0. no. = 96096.088
Item no. = V-2214
S/o no. =

Des. name = CS HSU
Vess. name = NO.2 FURNACE 2ND PASS SLURRY POT
Units (E/M) =E

Mode desired (D/A) = A

M.A.P. = 10/1.8
M.A.N.P. = 10/1.8
Des. temp. = 328

- Vessel & nozzle material ( # 2 )

Vess. mat. = SA 516 70
Allow. stress (n&c) = 17500
Allow. stress (des.) = 17500

Joint eff. (%) = 100
Corr. allow. = ,0625
s. thk. = 0.375
‘s. 1D = 71.25
Nozz. mk. = N5
Nozz. mat. =SA 53 8B

Allow. stress (n&) = 15000
Allow. stress (des.) = 15000
Joint eff. (%) = 100

Corr. allow. .0625

- Nozzle location ( # 3 )

Location (S/H/C) =S
Head type (E/F/H/FLG)

0.9 use (Y/N)

Ins. crown rad. =
Ins. kn. rad. =
Factor M use (Y/N)

Head rad. =
Cone ID (se) =
Cone heigth =

"‘. to cone sm. (le)
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einforcing type & material ( # 4 )

100% reinf. (Y/N)
Tr (n&c)
Tr (des.)

Nozzle type (R/I)

Pad mat.
Allow. stress (n&c)
Allow. stress (des.)

Bevel deg.

Nut stop/relief (S/R)
Toler. @ nut stop
Tol. @ nut space

SA 516 70
17500
17500

- Nozzle with reinforced pad ( # 5 )

Ins. proj.
Nozzle size
Nozz. thk.
Nozz. 0D
Nozz. sch.

.pad (Y/N)

Pad thk.
Pad width

Weld thk. (outs.)
Weld thk. (ins.)
weld thk. (pad)

12

3
0.216
3.5
40

0.375

- Self reinforced nozzle ( # 6 )

Ins. proj.

Nozzle size

Nozz. thk.

Nozz. 0D

Nozz. Rating/Sch.

Quts. proj.

Flange face (1/2/3)
Dim. a

Dim. b

Dim. ¢

Weld thk. (outs.)

'thk.(ins.)

?a%q ab
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- Calculation reports ( #7 )

weld calc. (Y/N) =N
Calc. report (Y/N) =Y

N&C report  (Y/N) =Y
Resuls only (Y/N) =Y
Ext. P calc. (Y/N) =Y
Hill side (Y/N) = N
Ctr-Ctr dim. =

Per 1-7(b) (Y/N) = Y
Des. ext. press. = 2.872E+07
Shell length = 34.25
Tr (ext.) (N&C) = 1875

= xa)
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-=== NOZZLE REINFORCEMENT ----
CUSTOMER NAME : FMC
P.0. NO. : 96096.088

ITEM NO. : V-2214 S/0 NO. :
DESIGNER NAME : CS HSU DATE : 08-13-1999

AR AR AR AR A A A AR AR A AR AR AR AR AR AR A AR AR AR ARARARARARA AR A ARRAARERRA AR AR AN

---> DESIGN DATA <----
NOZ. DESCR. : (N5) 3 in. OPENING IN 71.25 in. ID SHELL

MAP & MAWP : 10 psi. (N&C) 10 psi. (DES.)
DES. TEMP. : 328 deg. F
VESSEL :

LL MAT. : SA 516 70

ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.)
THK : .375 in. (N&C) .3125 in. (CORR.)
J.E. @ JUNCTION : 100 (%) C.A. = .0625 in.
NOZZLE :

NECK MAT. : SA 53 B

ALLOW. STRESS : 15000 psi. (N&C) 15000 psi. (DES.)
THK : .216 in. (N&C) .1535 in. (CORR.)
0D : 3.5 in. (40)

ID : 3.068 in. (N&C) 3.193 in. (CORR.)
J.E. @ JUNCTION : 100 (%) C.A. = .0625 in.

WELD THK @ NECK : 0 in. (OUTWARD)

INS. PROJ. : 12 in. W/ 0 in. THK WELD (INWARD)

PAD : .375 in. THK X 2 in. WIDE W/ 0 in. THK WELD @ PAD
MAT. : SA 516 70
ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.)




ITEM NO. : V-2214 S/0 NO. :
NOZ. MK. : N5
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---> DESIGN CONDITION <---

LIMITS :
HORIZONTAL LIMIT = 1.443 in.
VERTICAL LIMIT = .75875 in.

STRENGTH RED. FACTORS :

fr (A2,A3 & A43) = .8571429
fr (A41) = .8571429

fr (A5 & A42) = 1

tr = 2.039985E-02 in. ( Ext. = .125 in. )

trn = 1.064759E-03 in. ( Ext. = .035 in. )

A = .0660314 in. sq. ( Ext. = .2050446 in. sq. )

Al = .9198651 in. sq. ( Ext. = .5904643 in. sq.)

A2 = .1982747 in. sq. ( Ext. = .1541347 in. sq. )

A3 = 5.986501E-02 in. sq.
A4l = 0 in. sq.
A43 = 3.348214E-03 in. sq.
0 in. sq.
1.08225 in. sq.

AREA AVAIL. (Aa) = 2.263603 in. sq. ( Ext. = 1.890062 in. sq. )

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <===




ITEM NO. : V-2214 S/0 NO. :
NOZ. MK. : N5
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--=> N & C CONDITION <---

LIMITS :

HORIZONTAL LIMIT = 1.318 in.
VERTICAL LIMIT = .915 in.

STRENGTH RED. FACTORS :

fr (A2,A3 & A43) = .8571429
fr (A41) = .8571429
fr (A5 & A42) = 1

tr = 2.036412E-02 in.
trn = 1.023076E-03 in.

A = 6.373389E-02 in. sq.
Al = 1.066137 in. sq.
A2 = .3372067 in. sq.

A3 = ,1999543 in. sq.
A4l = 0 in. sq.

43 = 0 in. sq.
=0 in. sq.
= .9885001 in. sq.

AREA AVAIL. (Aa) = 2.591798 in. sq.

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <===
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="File name & design pressures ( # 1)

File name = V2214N6
Cust. name = FMC

P.0. no. = 96096.088
Item no. = V-2214
S/o no. =

Des. name = CS HSU
Vess. name = NO.2 FURNACE 2ND PASS SLURRY POT
Units (E/M) =E

Mode desired (D/A) = A

M.A.P. = 10/1.8
M.A.W.P. = 10/1.8
Des. temp. = 328

- Vessel & nozzle material ( # 2 )

Vess. mat. = SA 516 70
Allow. stress (n&c) = 17500
Allow. stress (des.) = 17500

Joint eff. (%) = 100
Corr. allow. = .0625

. thk. = 0.375

. ID =71.25
Nozz. mk. = N6
Nozz. mat. = SA 53 B

Allow. stress (n&c) = 15000
Allow. stress (des.) = 15000
Joint eff. (%) = 100

Corr. allow. .0625

- Nozzle location ( # 3 )

Location (S/H/C) =S
Head type (E/F/H/FLG) =
0.9 use (Y/N) =
Ins. crown rad. =
Ins. kn. rad. -
Factor M use (Y/N) =
Head rad. =
Cone ID (se) =
Cone heigth =

’ to cone sm. (le)

Tﬁap 5 |
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einforcing type & material ( # 4 )
100X reinf. (Y/N) = N
Tr (n&c) =
Tr (des.) =
Nozzle type (R/I) =R
Pad mat. =

Allow. stress (n&c)
Allow. stress (des.)

Bevel deg. =
Nut stop/relief (S/R) =
Toler. @ nut stop =
Tol. @ nut space =

- Nozzle with reinforced pad ( # 5 )

Ins. proj. =0

Nozzle size =2

Nozz. thk. = 0.218

Nozz. 0D = 2.375

Nozz. sch. = B0
pad (Y/N) =N

Pad thk. =

Pad width =

Weld thk. (outs.) =
Weld thk. (ins.)
Weld thk. (pad)

- Self reinforced nozzle ( # 6 )

Ins. proj. =
Nozzle size =
Nozz. thk. B
Nozz. 0D =
Nozz. Rating/Sch. =
Outs. proj. =
Flange face (1/2/3) =
Dim. a -
Dim. b =
Dim. ¢ =

Weld thk. (outs.) =

‘d thk.(ins.) =

U

(B3}
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= Calculation reports ( #7 )

Weld calc. (Y/N) =N
Calc. report (Y/N) =Y

N&C report  (Y/N) =Y
Resuls only (Y/N) =Y
Ext. P calc. (Y/N) =Y
Hi11 side (Y/N) =N
Ctr-Ctr dim. =

Per 1-7(b) (Y/N) =Y
Des. ext. press. = 2.872E+07
Shell length = 34.25
Tr (ext.) (N&C) = ,1875

- (#8)
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=-== NOZZLE REINFORCEMENT ----
CUSTOMER NAME : FMC
P.0. NO. : 96096.088

ITEM NO. : V-2214 S/0 NO. :
DESIGNER NAME : CS HSU DATE : 08-13-1999

R s s s e

---> DESIGN DATA <----
NOZ. DESCR. : (N6) 2 in. OPENING IN 71.25 in. ID SHELL

MAP & MAWP : 10 psi. (N&C) 10 psi. (DES.)

DES. TEMP. : 328 deg. F

VESSEL :

‘L MAT. : SA 516 70
ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.)
THK : .375 in. (N&C) .3125 in. (CORR.)
J.E. @ JUNCTION : 100 (%) C.A. = .0625 in.
NOZZLE :

NECK MAT. : SA 53 B

ALLOW. STRESS : 15000 psi. (N&C) 15000 psi. (DES.)
THK : .218 in. (N&C) .1555 in. (CORR.)
0D : 2.375 in. (80)

ID : 1.939 in. (N&C) 2.064 in. (CORR.)
J.E. @ JUNCTION : 100 (%) C.A. = .0625 in.

WELD THK @ NECK : 0 in. (OUTWARD)

---> Reinforced calculations not required per code.

?a%p 54
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ile name & design pressures ( # 1)

File name = V2214N7
Cust. name = FMC

P.0. no. = 96096.088
Item no. = V-2214
S/o no. =

Des. name = CS HSU
Vess. name = NO.2 FURNACE 2ND PASS SLURRY POT
Units (E/M) =E

Mode desired (D/A) = A

M.A.P. = 10/1.8
M.AN.P. = 10/1.8
Des. temp. = 328

- Vessel & nozzle material ( # 2 )

Vess. mat. = SA 516 70
Allow. stress (n&) = 17500
Allow. stress (des.) = 17500

Joint eff. (%) = 100
Corr. allow. = 0625
. thk. = 0.375
‘:. ID = 71.25
Nozz. mk. = N7
Nozz. mat. =SA53B

Allow. stress (n&c) = 15000
Allow. stress (des.) = 15000
Joint eff. (%) = 100

Corr. allow. .0625

- Nozzle location ( # 3 )

Location (S/H/C)
Head type (E/F/H/FLG)

"o
g -

0.9 use (Y/N)

Ins. crown rad. = 72
Ins. kn. rad. = 4.5
Factor M use (Y/N) =Y

Head rad. -
Cone ID (se) =
Cone heigth =

‘. to cone sm. (le)




trrtiiisiidsteitttttttti ettt bbbt bbbt b bbb LSS RS SSbb b IS SIS

‘tttttttttttttttttttttt*tttttttttt:tttttttt!tttttttttttttttttttt:t:tttttttttttt

Pressure Vessel Design Pro Corp. ..........
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= Reinforcing type & material ( # 4 )

100% reinf. (Y/N)
Tr (n&c)
Tr (des.)

Nozzle type (R/I)
Pad mat.
Allow. stress (n&c)

Allow. stress (des.)

Bevel deg.

Nut stop/relief (S/R)

Toler. @ nut stop
Tol. @ nut space

SA 516 70
17500
17500

- Nozzle with reinforced pad ( # 5 )

Ins. proj.
Nozzle size
Nozz. thk.
Nozz. 0D
Nozz. sch.

‘h pad (Y/N)

Pad thk.
Pad width

Weld thk. (outs.)
Weld thk. (ins.)
Weld thk. (pad)

0

10
0.365
10.75
40

0.375

- Self reinforced nozzle ( # 6 )

Ins. proj.

Nozzle size

Nozz. thk.

Nozz. 0D

Nozz. Rating/Sch.

Outs. proj.

Flange face (1/2/3)
Dim. a

Dim. b

Dim. ¢

Weld thk. (outs.)

‘d thk. (ins.)

7}%2 g6
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- Calculation reports ( # 7 )

weld calc. (Y/N) =N
Calc. report (Y/N) =Y

N&C report  (Y/N) =Y
Resuls only (Y/N) =Y
Ext. P calc. (Y/N) =Y
Hill side (Y/N) =N
Ctr-Ctr dim. =

Per 1-7(b) (Y/N) =Y
Des. ext. press. = 2.872E+07
Shell length = 34.25
Tr (ext.) (N&C) = 1875

- (#8)
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-==- NOZZLE REINFORCEMENT ----
CUSTOMER NAME : FMC
P.0. NO. : 96096.088

ITEM NO. : V-2214 S/0 NO. :
DESIGNER NAME : CS HSU DATE : 08-13-1999

AR AR AR R AR AR AR AR AR AR AR AR AR AR AR R AR AR A AR R AR AR R RARA AR ARARARRARERAAAA AR AR

--=> DESIGN DATA <----
NOZ. DESCR. : (N7) 10 in. OPENING IN 71.25 in. ID F & D HD

MAP & MAWP : 10 psi. (N&C) 10 psi. (DES.)
DES. TEMP. : 328 deg. F
VESSEL :

D HD MAT. : SA 516 70

ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.)
THK : .375 in. (N&C) .3125 in. (CORR.)
INS. CROWN RAD. : 72 in. (N&C) 72.0625 in. (CORR.)
INS. KNUCKLE RAD. : 4.5 in. FACTOR M = 1.75
J.E. @ JUNCTION : 100 (%) C.A. = .0625 in.
NOZZLE :

NECK MAT. : SA 53 B

ALLOW. STRESS : 15000 psi. (N&C) 15000 psi. (DES.)
THK : .365 in. (N&C) .3025 in. (CORR.)
0D : 10.75 in. (40)

ID : 10.02 in. (N&C) 10.145 in. (CORR.)
J.E. @ JUNCTION : 100 (%) C.A. = .0625 in.

WELD THK @ NECK : 0 in. (OUTWARD)

PAD : .375 in. THK X 3 in. WIDE W/ 0 in. THK WELD @ PAD
MAT. : SA 516 70
ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.)




ITEM NO. : V-2214 S/0 NO. :
NOZ. MK. : N7
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-==> DESIGN CONDITION <---

LIMITS :
HORIZONTAL LIMIT = 4.770001 in.
VERTICAL LIMIT = .78125 in.

STRENGTH RED. FACTORS :
fr (A2,A3 & A43) = .8571429
fr (A41) = .8571429

fr (A5 & A42) =1

tr = 3.603331E-02 in. ( Ext. = .125 in. )
trn = 3.38302E-03 in. ( Ext. = .0671875 in. )
A = .3686723 in. sq. ( Ext. = .6448661 in. sq. )
Al = 2.78086 in. sq. ( Ext. = 1.885982 in. sq.)
A2 = 4006031 in. sq. ( Ext. = .3151507 in. sq. )
A3 =0 in. sq.
A4l = 0 in. sq.
A43 = 0 in. sq.

= 0 in. sq.

= 2.25 in. sq.
AREA AVAIL. (Aa) = 5.431463 in. sq. ( Ext. = 4.451133 in. sq. )

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <===




ITEM NO. : V-2214 S/0 NO. :
NOZ. MK. : N7
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--=> N & C CONDITION <---

LINITS :
HORIZONTAL LIMIT = 4,.645001 in.
VERTICAL LIMIT = .9375 in.

STRENGTH RED. FACTORS :

fr (A2,A3 & A43) = .8571429
fr (A41) = .8571429

fr (A5 & A42) =1

tr = 3.600206E-02 in.
trn = 3.341337E-03 in.

A = .3644951 in. sq.

Al = 3.361407 in. sq.
A2 = 5812371 in. sq.
A3 = 0 in. sq.

A4l = 0 in. sq.

A43 = 0 in. sq.

=0 in. sq.
2.25 in. sq.

AREA AVAIL. (Aa) = 6.192644 in. sq.

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <===

Toge bo
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= File name & design pressures ( # 1)

File name

Cust. name

P.0. no.

Item no.

S/o no.

Des. name

Vess. name

Units (E/M)

Mode desired (D/A)

M.A.P.
M.A.W.P.
Des. temp.

V2214N8

= FMC

= 96096.088

= V-2214

= CS HSU

NO.2 FURNACE 2ND PASS SLURRY POT
=E

A

10/1.8
10/1.8
= 328

- Vessel & nozzle material ( # 2 )

Vess. mat.

Allow. stress (n&c)
Allow. stress (des.)
Joint eff. (%)

Corr. allow.

‘. thk.
. ID

Nozz. mk.

Nozz. mat.

Allow. stress (n&c)
Allow. stress (des.)
Joint eff. (%)

Corr. allow.

= SA 516 70
= 17500

= 17500

= 100

= .0625

= 0.375
=71.25

= N8

=SA 538
= 15000

= 15000
= 100
.0625

- Nozzle location ( # 3 )

Location (S/H/C)
Head type (E/F/H/FLG)

0.9 use (Y/N)

Ins. crown rad.
Ins. kn. rad.
Factor M use (Y/N)

Head rad.

Cone 1D (se)
Cone heigth

‘ to cone sm. (le)

non
- X

Pa%l 6|
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= Reinforcing type & material ( # 4 )

100% reinf. (Y/N) =N

Tr (n&c) =

Tr (des.) =

Nozzle type (R/I) =R

Pad mat. = SA 516 70
Allow. stress (n&c) = 17500
Allow. stress (des.) = 17500
Bevel deg. =

Nut stop/relief (S/R)
Toler. @ nut stop
Tol. @ nut space =

- Nozzle with reinforced pad ( # 5 )

Ins. proj. =0
Nozzle size =4
Nozz. thk. = 0.237
Nozz. 0D = 4.5
Nozz. sch. = 40
‘h pad (Y/N) =N
Pad thk. =
Pad width =

Weld thk. (outs.) =
Weld thk. (ins.) =
Weld thk. (pad)

- Self reinforced nozzle ( # 6 )

Ins. proj. =
Nozzle size =
Nozz. thk. =
Nozz. 0D =
Nozz. Rating/Sch. =
Quts. proj. =
Flange face (1/2/3) =
Dim. a =
Dim. b =
Dim. ¢ =

weld thk. (outs.) =

‘d thk.(ins.) =
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Calculation reports ( # 7 )

Weld calc. (Y/N) = N
Calc. report (Y/N) =Y

N&C report  (Y/N) =Y
Resuls only (Y/N) =Y
Ext. P calc. (Y/N) =Y
Hill side (Y/N) =N
Ctr-Ctr dim. =

Per 1-7(b) (Y/N) =Y
Des. ext. press. = 2.872E+07
Shell length = 34.25
Tr (ext.) (N&C) = 1875

- (#8)
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX
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--=-- NOZZLE REINFORCEMENT ----
CUSTOMER NAME : FMC
P.0. NO. : 96096.088

ITEM NO. : V-2214 S/0 NO. :
DESIGNER NAME : CS HSU DATE : 08-13-1999

B e s e e

---> DESIGN DATA <----
NOZ. DESCR. : (N8) 4 in. OPENING IN 71.25 in. ID F & D HD

MAP & MAWP : 10 psi. (N&C) 10 psi. (DES.)

DES. TEMP. : 328 deg. F

VESSEL :

‘D HD MAT. : SA 516 70
ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.)
THK : .375 in. (N&C) .3125 in. (CORR.)
INS. CROWN RAD. : 72 in. (N&C) 72.0625 in. (CORR.)
INS. KNUCKLE RAD. : 4.5 in. FACTOR M = 1.75
J.E. @ JUNCTION : 100 (%) C.A. = .0625 in.
NOZZLE :

NECK MAT. : SA 53 B

ALLOW. STRESS : 15000 psi. (N&C) 15000 psi. (DES.)
THK : .237 in. (N&C) .1745 in. (CORR.)
0D : 4.5 in. (40)

ID : 4.026 in. (N&C) 4.151 in. (CORR.)
J.E. @ JUNCTION : 100 (%) C.A. = .0625 in.

WELD THK @ NECK : 0 in. (OUTWARD)




ITEM NO. : V-2214

NOZ. MK. : N8

S/0 NO. :
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---> DESIGN CONDITION <---

LIMITS :

HORIZONTAL LIMIT = 1.901 in.
VERTICAL LIMIT = .43625 in.

STRENGTH RED. FACTORS :

fr (A2,A3 & A43) = .8571429

fr (A41) = .8571429

tr = 3.603331E-02 in.
trn = 1.38422E-03 in.

A = .1513708 in. sq.

Al = 1.133829 in. sq.
A2 = .1294659 in. sq.

A3 = 0 in. sq.
A4l = 0 in. sq.
A43 = 0 in. sq.

.VAIL. (AA)

( Ext. = .125 in. )
( Ext. = .028125 in. )

= Al + A2 + A3 + A4l + A43

1.133829 + .1294659 + 0 + 0 + 0
1.263295 in. sq.

( Ext. = .2656696 in. sq. )

( Ext. = .7689643 in. sq.)
( Ext. = .1094676 in. sq.

)

( Ext. = .8784319 in. sq. )

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <===




ITEM NO. : V-2214 S/0 NO. : T&%Q 6é

NOZ. MK. : N8
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-==> N & C CONDITION <---

LIMITS :

HORIZONTAL LIMIT = 1.776 in.
VERTICAL LIMIT = .5925 in.

STRENGTH RED. FACTORS :

fr (A2,A3 & A43) = .8571429
fr (A41) = .8571429

tr = 3.600206E-02 in.
trn = 1.342537E-03 in.

A = .1473822 in. sq.
Al = 1.341851 in. sq.
A2 = ,2393607 in. sq.
A3 = 0 in. sq.

A4l = 0 in. sq.
A43 = 0 in. sq.

AVAIL. (AA) = Al + A2 + A3 + A4l + A43
= 1.341851 + .2393607 + 0 + 0 + 0
= 1.581211 in. sq.

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <===
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Pressure Vessel Design Pro Corp.
Houston Tx

="File name & design pressures ( # 1 )
File name = V2214M1
Cust. name = FMC
P.0. no. = 96096.088
Item no. = V-2214
S/0 no. B
Des. name = CS HSU
Vess. name NO.2 FURNACE 2ND PASS SLURRY POT
Units C(E/M) E
Mode desired (D/A) = A
M.A.P. = 10/1.8
M.A.W.P. = 10/1.8
Des. temp. = 328
- Vessel & nozzle material ( # 2 )
Vess. mat. = SA 516 70
Allow. stress (né&c) = 17500
Allow. stress (des.) = 17500
Joint eff. (X) = 100
Corr. allow. = ,0625
.s. thk. = 0.375
s. ID = 71.25
Nozz. mk. = M1
Nozz. mat. = SA 53 B
Allow. stress (né&c) = 15000
Allow. stress (des.) = 15000
Joint eff. (X) 100
Corr. allow. .0625
- Nozzle location ( # 3 )
Location (S/H/C) = §

Head type (E/F/H/FLG)
0.9 use (Y/N)

Ins. crown rad.

Ins. kn. rad.

Factor M use (Y/N)

Head rad.

Cone ID (se)
Cone heigth

.. to cone sm.

(le)




T

Pressure Vessel Design Pro Corp.
Houston Tx

.68

=" Reinforcing type & material ( # 4 )

100X reinf. (Y/N)
Tr (n&c)
Tr (des.)

Nozzle type (R/1)

Pad mat.
Allow. stress (né&c)
Allow. stress (des.)

Bevel deg.

Nut stop/relief (S/R)
Toler. @8 nut stop
Tol. @ nut space

SA 516 70
17500
17500

- Nozzle with reinforced pad ( # 5 )

Ins. proj.
Nozzle size
Nozz. thk.
Nozz. OD
Nozz. sch.

‘h pad (Y/N)

Pad thk.
Pad width

Weld thk. (outs.)
Weld thk. (ins.)
Weld thk. (pad)

0

22
0.375
22
STD

- Self reinforced nozzle ( # 6 )

Ins. proj.

Nozzle size

Nozz. thk.

Nozz. OD

Nozz. Rating/Sch.

OQuts. proj.

Flange face (1/2/3)
Dim. a

Dim. b

Dim. c

Weld thk. (outs.)

‘d thk.(ins.)
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inculation reports ( # 7 )

Weld calc. (Y/N) = N
Calc. report (Y/N) =Y

N&C report CY/N) = Y
Resuls only (Y/N) = Y
Ext. P calc. (Y/N) = Y
Hill side (Y/N) = N
Ctr-Ctr dim. =

Per 1-7(b) (Y/N) = Y
Des. ext. press. = 2.872E+07
Shell Llength = 34.25
Tr (ext.) (N&C) = ,1875
2] ( # 8 )




PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX
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---- NOZZLE REINFORCEMENT ----
CUSTOMER NAME : FMC
P.0. NO. : 96096.088

ITEM NO. : V-2214 S/0 NO. :
DESIGNER NAME : CS HSU DATE : 08-13-1999

AREARE AR AR AR AR AR AR AR AR AR AR AR AR R AR A AR A RAA A AR AR AR AR AR A AR AR AR R AR AR AR Ah
---> DESIGN DATA <----
NOZ. DESCR. : (M1) 22 in. OPENING IN 71.25 in. ID SHELL

MAP & MAWP : 10 psi. (N&C) 10 psi. (DES.)

DES. TEMP. : 328 deg. F

VESSEL :
‘ MAT. : SA 516 70

ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.)

THK : .375 in. (N&C) .3125 in. (CORR.)

J.E. @ JUNCTION : 100 (%) C.A. = .0625 in.

NOZZLE :

NECK MAT. : SA 53 B

ALLOW. STRESS : 15000 psi. (N&C) 15000 psi. (DES.)
THK : .375 in. (N&C) .3125 in. (CORR.)
0D : 22 in. (STD)

ID : 21.25 in. (N&C) 21.375 in. (CORR.)
J.E. @ JUNCTION : 100 (%) C.A. = .0625 in.

WELD THK @ NECK : 0 in. (OUTWARD)

{7

a.%g. To

(2 R R R R R R R A R A R R R R R R R AR A R AR R A2 AR R AR R 2R R R AR Rl Rl R Rl R Rl R R




ITEM NO. : V-2214 S/0 NO. :
NOZ. MK. : M1
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-=--> DESIGN CONDITION <---

LIMITS :

HORIZONTAL LIMIT = 10.375 in.
VERTICAL LIMIT = .78125 in.

STRENGTH RED. FACTORS :

fr (A2,A3 & A43) = .8571429
fr (A41) = .8571429

tr = 2.039985E-02 in. ( Ext. = .125 in. )
trn = 7.127851E-03 in. ( Ext. = .11 in. )
A = .4378682 in. sq. ( Ext. = 1.347098 in. sq. )
Al = 6.217561 in. sq. ( Ext. = 3.991072 in. sq.)
A2 = .4089806 in. sq. ( Ext. = .2712054 in. sq. )
A3 = 0 in. sq.
A4l = 0 in. sq.
A43 = 0 in. sq.
.\vm. (AA) = Al + A2 + A3 + A4l + A3

= 5.217561 + .4089806 + 0 + 0 + 0

= 6.626541 in. sq. ( Ext. = 4.262277 in. sq. )

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <===




ITEM NO. : V-2214 S/0 NO. :
NOZ. MK. : M1
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--=> N & C CONDITION <---

LIMITS :
HORIZONTAL LIMIT = 10.25 in.
VERTICAL LIMIT = ,9375 in.

STRENGTH RED. FACTORS :
fr (A2,A3 & A43) = .8571429
fr (A41) = .8571429

tr = 2.036412E-02 in.
trn = 7.086168E-03 in.

A = .4349195 in. sq.

Al = 7.498015 in. sq.
A2 = .5912901 in. sq.
A3 = 0 in. sq.

A4l = 0 in. sq.

A43 = 0 in. sq.

’AVAIL. (AA) = Al + A2 + A3 + A4l + A43
= 7.498015 + .5912901 + 0 + 0 + O
= 8.089306 in. sq.

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <===

'l?»%e 12
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...... .««« Pressure Vessel Design Pro Corp. ...ceeeees
Houston Tx
‘ile name & Design pressures ( # 1)
File name = V2214AGT
Cust. name = FMC
P.0. no. = 96096.088
Item no. = V-2214
S§/0 no. =
Des. name = CS HSU
Unit (E/M) =E
MAP (n&c) = 10
MAWP (des.) =10
Des. temp. = 328

Attach. loc. (S/H)

"
w

- Vess. material & Attachment dimensions ( # 2 )

Vess. mat. SA 516 70
Allow. stress (des.) = 17500

Vess. thk./Pad thk. 0.375/0.375
Corr. allow. 0.0625
Shell ID or Head rad. = 71.25

‘ch. mark = N1

Attach. type (C/R) =C
Attach. ID = 20.4632
Attach. 0D/Pad 0D = 21.2132/27.2132

Rad. @ nozz. interf. =

Hollow or Solid (1/2) = 1
Dim. Cl/Clp B
Dim. Cc/Ccp =

- Forces & Moments (Spherical) ( # 3 )

Radial load P =
Shear load V1 =
Shear load V2 =
Moment M1 =
Moment M2 =
Moment MT =
Factor Kn or 0 =
Factor Kb or 0 =
Factor Iv or 0 =

‘At (S/P) —

x|
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- Forces & Moments (Cylindrical) ( # 4 )

Radial load P =
Shear load Vc =

Shear load VL = 750
Moment ML = 22500
Moment Mc =
Moment MT =
Factor Kn or 0 =0
Factor Kb or 0 =0
Factor Iv or 0 =0
Output (S/P) =P

= (#5)

)

&z
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX
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--- COMPUTATION OF LOCAL STRESSES ---
CUSTOMER NAME : FMC
P.0. NO. : 96096.088
ITEM NO. : V-2214 S/0 NO. :

DESIGNER NAME : CS HSU DATE : 08-16-1999

B

~--- Stresses in Cylindrical Shell ---
(@ Attachment)

Attachment Mk. : N1

M.A.W.P. : 10 psi.
Des. temp. : 328 deg. F

Vessel
- I ¢ 71025 in. Cyl. mean rad. : 36.03125 in. (corr.)
. thk. : .75 in. ( .6875 in. (corr.))

Material : SA 516 70

Allow. stress : 17500 psi.

Attachment

Shape : Cylindrical

0D : 21.2132 in. Outs. rad. : 10.6066 in.
Rad. @ nozz. interface : .375 in.

Loads & Moments

Radial load P : 0 1b.
Shear load Vc : 0 1b.
Shear load V1 : 750 1b.

Moment Mc : 0 in.-1b.
Moment M1 : 22500 in.-1b.
Moment Mt : 0 in.-1b.

Stress coefficient factors

Kn : 1.759371 Kb : 1.470885 Iv : 1
Cla : 3.098061 Clb : 6.046403 C2a : 6.096363E-02 C2b : 1.839334E-02
C3 : 1.832772 C4 : 6.302309E-02 C5 : 4.152959 C6 : 1.602309E-02

: 3.098061 L1b : 6.046403 L2a : 4.148067E-02 L2b : .035
4.886038 L4 : 2.64224BE-02 L5 : 2.034232 L6 : .025734



Item no. : V-2214 S/o no. :

AR AR AR AR AR RA R AR AR AR AR AR AR AR AN AR AN AR AR AR AR AR AARRA AR AAAAAA AR AR AR AR

‘etric parameters

Gamma = Rm/T = 36.03125 / .6875
= 52.40909

K = .875(Ro/Rm) = .875 ( 10.6066 / 36.03125 )
= .2575757

Circumferential stresses : (@ Attachment)

Membrane due to P (fcl) = Kn(Clx)(P/(Rm(T)))
=1.759371 (Cix ) ( 0/ ( 36.03125 ( .6875 ) ) )
= 0 psi. (0 psi.)

Bending due to P (fc2) = Kb(C2x)(6(P)/(T"2))
=1.470885 (C2x ) (6 (0) / ( .6875 " 2 ) )
= 0 psi. (0psi.)

Membrane due to Mc (fc3) = Kn(C3)(Mc/((Rm2)(A)(T)))
=1.759371 ( 1.832772 ) ( 0/ ( ( 36.03125 "~ 2 ) (
.2575757 ) ( .6875 ) ) )
= 0 psi.

Bending due to Mc (fc4) = Kb(C4)(6(Mc)/((T"2)(Rm)(A)))
= 1.470885 ( 6.302309E-02 ) (6 (0 ) / ( ( .6875
) ( 36.03125 ) ( .2575757 ) ) )
= 0 psi.

Membrane due to M1 (fc5) = Kn(C5)(M1/((Rm"2)(A)(T)))
= 1.759371 ( 4.152959 ) ( 22500 / ( ( 36.03125 ~ 2 ) (
.2575757 ) ( .6875 ) ) )
g = 715 psi.

Bending due to M1 (fc6) = Kb(C6)(6(M1)/((T"2)(Rm)(A)))

= 1.470885 ( 1.602309E-02 ) ( 6 ( 22500 ) / ( ( .6875
“2) (36.03125 ) ( .2575757 ) ) )

= 725 psi.

Press. stress (fc7) = Dp(Rm)(Iv)/(T)
=10 ( 36.03125 ) (1) / ( .6875)
= 524 psi.
Stresses Au Al Bu Bl Cu cl

Vaa,e 754




Item no. : V-2214 S/o no. : \Op? -77
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‘ltric parameters

Longitudinal stresses : (@ Attachment)

Membrane due to P (ol1) = Kn(L1x)(P/(Rm(T)))
= 1.759371 ( L1x ) ( 0 / ¢ 36.03125 ( .6875 ) ) )
= 0 psi. (0 psi.)

Bending due to P (ol2) = Kb(L2x)(6(P)/(T"2))
= 1.470885 (L2x ) (6 (0 ) / ( .6875 " 2) )
= 0 psi. ( 0 psi. )

Membrane due to Mc (ol3) = Kn(L3)(Mc/((Rm"2)(B)(T)))
= 1.759371 ( 4.886038 ) ( 0 / ( ( 36.03125 " 2 ) (
-2575757 ) ( 6875 ) ) )
= 0 psi.

Bending due to Mc (ol4) = Kb(L4)(6(Mc)/((T 2)(Rm)(B)))
= 1.470885 ( 2.642248E-02 ) ( 6 ( 0 ) / ( ( .6875
"2 ) ( 36.03125 ) ( .2575757 ) ) )
‘ = 0 psi.

‘hrane due to ML (ol5) = Kn(L5)(ML/((Rm"2)(B)(T)))
= 1.759371 ( 2.034232 ) ( 22500 / ( ( 36.03125 " 2 ) (
.2575757 ) ( .6875 ) ) )
= 350 psi.

Bending due to ML (ol6) = Kb(L6)(6(ML)/((T 2)(Rm)(B)))

= 1.470885 ( .025734 ) ( 6 ( 22500 ) / ¢ ( .6875 " 2 ) (
36.03125 ) ( .2575757 ) ) )

= 1165 psi.

Press. stress (ol7) = Dp(Rm)(Iv)/(2(T))
=10 ( 36.03125 ) (1) / (2 ( .6875 ) )

= 262 psi.
Stresses Au Al Bu Bl Cu cl Du DL
-ol 1 0 0 0 0 0 0 0 0
-ol 2 0 0 0 0 0 0 0 0
-ol 3 0 0 0 0 0 0 0 0
-ol 4 0 0 0 0 0 0 0 0
-ol 5 -350 -350 350 350 0 0 0 0
-ol 6 -1165 1165 1165 -1165 0 0 0 0
-ol -1515 815 1515 -815 0 0 0 0
-op 262 262 262 262 262 262 262 262
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‘ar stresses : (@ Attachment)

Shear due to VI (os1) = VI/(3.1416(Ro)(T))
750 /7 ¢ 3.1416 ( 10.6066 ) ( .6875 ) )
33 psi.

Shear due to Vc (0s2) = Vc/(3.1416(Ro)(T))
0/ ¢ 3.1416 ( 10.6066 ) ( .6875 ) )

= 0 psi.

Shear due to Mt (os3) = Mt/(3.1416(Ro"2)(2)(T))

=0/ (3.1416 ( 10.6066 ~ 2 ) (2 ) ( .6875 ) )

= 0 psi.
Stresses Au Al Bu Bl Cu cl Du Dl
-os 1 0 0 0 0 -33 -33 33 33
-os 2 0 0 0 0 0 0 0 0
-0s 3 0 0 0 0 0 0 0 0
-ost 0 0 0 0 -33 -33 33 33

11

.~enast=0

o (comb.) = The larger of :
1) oct

2) olt

3) olt - oct

- When ost <> 0

o (comb.) = The larger of :

1) 0.5[olt+oct+Sqr.((olt-gct) 2+4(ost™2))]
2) 0.5[olt+oct-Sqr.((olt-oct) "2+4(ost"2))]
3) sqgr.((olt-gct) "2+4(ost™2)))

Stresses Au Al Bu Bl Cu cl Du DL
-os (comb.) -1254 1077 1964 -1068 528 528 528 528
13
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX

--- COMPUTATION OF LOCAL STRESSES ---
CUSTOMER NAME : FMC
P.0. NO. : 96096.088
ITEM NO. : V-2214 S/0 NO. :
DESIGNER NAME : CS HSU DATE : 08-16-1999
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--- Stresses in Cylindrical Shell ---
(@ Pad outer edge)

Attachment Mk. : Nl

M.A.W.P. : 10 psi.
Des. temp. : 328 deg. F

Vessel
s A0 ¥ 73225 1In; Cyl. mean rad. : 35.84375 in. (corr.)
. thk. : .375 in. ( .3125 in. (corr.))

Material : SA 516 70
Allow. stress : 17500 psi.

Attachment

Shape : Cylindrical

0D : 27.2132 in. Outs. rad. : 13.6066 in.
Rad. @ nozz. interface : .375 in.

Loads & Moments

Radial load P : 0 1b.
Shear load Vc : 0 1b.
Shear load V1 : 750 1b.

Moment Mc : 0 in.=1b.
Moment M1 : 22500 in.-1b.
Moment Mt : 0 in.-1b.

Stress coefficient factors

Kn : 1.454862 Kb : 1.250597 Iv : 1
Cla : 2.279193 Clb : 7.643965 C2a : .06147 C2b : 5.083483E-03
C3 : 2.235146 C4 : 5.166394E-02 C5 : 4.28363 C6 : 6.157282E-03

1 2.279193 L1b : 7.643965 L2a : 1.489799E-02 L2b : .041412
9.693491 L4 : 1.966393E-02 L5 : 2.330939 L6 : 1.176885E-02
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‘etri c parameters

Gamma = Rm/T = 35.84375 / .3125
= 114.7

K = .875(Ro/Rm) = .875 ( 13.6066 / 35.84375 )
= .3321576

Circumferential stresses : (@ Pad outer edge)

Membrane due to P (fcl) = Kn(Clx)(P/(Rm(T)))
= 1.454862 ( Clx ) ( 0 / ( 35.84375 ( .3125) ) )
= 0 psi. (0psi.)

Bending due to P (fc2) = Kb(C2x)(6(P)/(T"2))
=1.250597 (C2x ) (6 (0) / (.312572))
=0 psi. (0psi.)

Membrane due to Mc (fc3) = Kn(C3)(Mc/((Rm~2)(A)(T)))

= 1.454862 ( 2.235146 ) ( 0 / ( ( 35.84375 " 2 ) (
.3321576 ) ( .3125 ) ) )

= 0 psi.

Bending due to Mc (fc4) = Kb(C4)(6(Mc)/((T"2)(Rm)(A)))
= 1.250597 ( 5.166394E-02 ) (6 (0 ) / ( ( .3125

’) ( 35.84375 ) ( .3321576 ) ) )
= 0 psi.

Membrane due to M1 (fc5) = Kn(C5)(M1/((Rm~2)(A)(T)))
= 1.454862 ( 4.28363 ) ( 22500 / ( ( 35.84375 " 2 ) (
.3321576 ) ( .3125) ) )
= 1051 psi.

Bending due to M1 (fc6) = Kb(C6)(6(M1)/((T"2)(Rm)(A)))

= 1.250597 ( 6.157282E-03 ) ( 6 ( 22500 ) / ( ( .3125
"2 ) (35.84375 ) ( .3321576 ) ) )

= 894 psi.

Press. stress (fc7) = Dp(Rm)(Iv)/(T)
=10 ( 35.84375 ) (1) / ( .3125)

= 1147 psi.
Stresses Au Al Bu BL Cu cl Du Dl
-ac 1 0 0 0 0 0 0 0 0
-oc 2 0 0 0 0 0 0 0 0
-oc 3 0 0 0 0 0 0 0 0
-oc 4 0 0 0 0 0 0 0 0
-oc 5 -1051 -1051 1051 1051 0 0 0 0
-oc 6 -89%4 894 894 -894 0 0 0 0
-1945 -157 1945 157 0 0 0 0
‘ 1147 1147 1147 1147 1147 1147 1147 1147
-oct -798 990 3092 1304 1147 1147 1147 1147
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‘gtric parameters

B = .3321576

Longitudinal stresses : (@ Pad outer edge)

Membrane due to P (ol1) = Kn(L1x)(P/(Rm(T)))
= 1.454862 ( L1x ) ( 0 / ( 35.84375 ( .3125 ) ) )
= 0 psi. ( 0 psi. )

Bending due to P (ol2) = Kb(L2x)(6(P)/(T"2))
=1.250597 (L2x ) (6 (0 ) / ( .3125 " 2) )
= 0 psi. ( 0 psi. )

Membrane due to Mc (ol3) = Kn(L3)(Mc/((Rm"2)(B)(T)))
= 1.454862 ( 9.693491 ) ( 0 / ( ( 35.84375 ~ 2 ) (
.3321576 )  .3125 ) ) ) ’

= 0 psi.

Bending due to Mc (ol4) = Kb(L&)(6(Mc)/((T 2)(Rm)(B)))
= 1.250597 ( 1.966393E-02 ) ( 6 ( 0 ) / ¢ ( .3125
T 2) (35.84375 ) ( .3321576 ) ) )

= 0 psi.
Qb«ane due to ML (ol5) = Kn(L5)(ML/((Rm"2)(B)(T)))

= 1.454862 ( 2.330939 ) ( 22500 / ( ¢ 35.84375 "~ 2 ) (
.3321576 ) ( .3125 ) ) )
= 572 psi.

Bending due to ML (olé) = Kb(L6)(6(ML)/((T 2)(Rm)(B)))

= 1.250597 ( 1.176885E-02 ) ( 6 ( 22500 ) / ¢ ¢ .3125
"2 ) ( 35.84375 ) ( .3321576 ) ) )

= 1709 psi.

Press. stress (ol7) = Dp(Rm)(Iv)/(2(T))
=10 ( 35.86375 ) (1) /(2 ( .3125 ) )

= 574 psi.
Stresses Au Al Bu Bl Cu cl Du DL
-ol 1 0 0 0 0 0 0 0 0
-ol 2 0 0 0 0 0 0 0 0
-ol 3 0 0 0 0 0 0 0 0
-al 4 0 0 0 0 0 0 0 0
-ol 5 -572 -572 572 572 0 0 0 0
-ol 6 -1709 1709 1709 -1709 0 0 0 0
-ol -2281 1137 2281 -1137 0 0 0 0
-op 574 574 574 574 574 574 574 574
| ‘t -1707 171 2855 -563 574 574 574 574
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‘cr stresses : (@ Pad outer edge)

Shear due to VL (os1) = VL/(3.1416(Ro)(T))
=750 / ( 3.1416 ( 13.6066 ) ( .3125 ) )
56 psi.

Shear due to Vc (0s2) = Vc/(3.1416(Ro)(T))
0/ ¢ 3.1416 ( 13.6066 ) ( .3125 ) )

0 psi.

Shear due to Mt (0s3) = Mt/(3.1416(Ro"2)(2)(T))

=0/ (3.1416 ( 13.6066 “ 2 ) (2 ) (¢ .3125 ) )

= 0 psi.
Stresses Au Al Bu Bl Cu cl Du DL
-os 1 0 0 0 0 -56 -56 56 56
-0s 2 0 0 0 0 0 0 0 0
-os 3 0 0 0 0 0 0 0 0
-ost 0 0 0 0 -56 -56 56 56

11

o (comb.) = The larger of :
1) oct

2) olt

3) olt - oct

- When ost <> 0

o (comb.) = The larger of :

1) 0.5[olt+oct+Sqr.((olt-oct) "2+4(ast™2))]
2) 0.5([olt+oct-Sqr.((olt-oct) " 2+4(ost"2))]
3) Sqr.((olt-oct) "2+4(ost™2)))

Stresses Au Al Bu Bl Cu cl Du DL
-os (comb.) -1708 171 3092 -1868 1152 1152 1152 1152
11




LoCcAL STRESS ANALYS!S (N'T)

weeesssss. Pressure Vessel Design Pro Corp. ..........

Houston Tx

- File name & Design pressures ( # 1)

File name
Cust. name
P.0. no.
Item no.
S/0 no.
Des. name
Unit (E/M)

MAP (néc)

MAWP (des.)
Des. temp.

Attach. loc. (S/H)

- Vess. material & Attachment dimensions ( # 2 )

Vess. mat.

Allow. stress (des.)
Vess. thk./Pad thk.
Corr. allow.

Shell ID or Head rad.

tach. mark
Attach. type (C/R)
Attach. ID
Attach. 0D/Pad 0D
Rad. @ nozz. interf.
Hollow or Solfd (1/2)
Dim. Cl/Clp
Dim. Cc/Ccp

V2214DRN
FMC
96096.088
v-2214

CS HsU
E

10
10
328

SA 516 70
17500
0.375/0.375
0.0625
71.25

N7

c

10.02
10.75/16.75

- Forces & Moments (Spherical) ( #3 )

Radial load P
Shear load V1
Shear load V2

Moment M1
Moment M2
Moment MT

Factor Kn or 0

Factor Kb or 0
Factor Iv or 0

‘put (S/P)

2200

13800

o

T’a%@ B3
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o TR Pressure Vessel Design Pro Corp. c..evcevees
Houston Tx

orces & Moments (Cylindrical) ( # 4 )

Radial load P = 460
Shear load Vc =

Shear load VI = 460
Moment ML = 22500
Moment Mc =
Moment MT =
Factor Kn or 0 =0
Factor Kb or 0 =0
Factor Iv or 0 =0
Output (S/P) =P

= K#95)
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX

--- COMPUTATION OF LOCAL STRESSES ---
CUSTOMER NAME : FMC
P.0. NO. : 96096.088
ITEM NO. : V-2214 S/0 NO. :
DESIGNER NAME : CS HSU DATE : 08-16-1999
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--- Stresses in Spherical head ---
(@ Attachment)

Attachment Mk. : N7

M.AW.P. : 10 psi.
Des. temp. : 328 deg. F

Vessel
rad. : 71.25 in. Head mean rad. : 71.65625 in. (corr.)
d thk. : .75 in. ( .6875 in. (corr.))

Material : SA 516 70
Allow. stress : 17500 psi.

Attachment

Shape : Cylindrical

0D : 10.75 in. Quts. rad. : 5.375 in.
Rad. @ nozz. interface : .375 in.

Loads & Moments

Radial load P : 2200 1b.
Shear load V1 : 0 1b.
Shear load V2 : 0 1b.

Moment M1 : 13800 in.-1b.
Moment M2 : 0 in.-1b.
Moment Mt : 0 in.-1b.

Stress coefficient factors

Kn : 1.759371 Kb : 1.470885 Iv : 1
R1 : 3.483746E-02 R2 : 3.141853E-02 R3 : .0517756 R4 : 6.392491E-02
T1 : .1369678 T2 : 2.107777€E-02 T3 : .1378333 T4 : 4.789065E-02

T’a%o 85
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| ‘mtri ¢ parameters

| U = Ro/(Sqr.(Rm(T)))
=5.375 / ( Sqr. ( 71.65625 ( .6875 ) ) ) = .7657995

Tx = rm/t = 5.22375 / .3024998 = 17.26861
p=T/t = .6875 / .3024998 = 2.272729
Radial stresses : (@ Attachment)

Membrane due to P (frl)

Kn(R1)(P/(T"2))
1.759371 ( 3.483746E-02 ) ( 2200 / ( .6875 " 2 ) )
285 psi.

Bending due to P ({r2) = Kb(R2)(6(P)/(T72))

= 1.470885 ( 3.141853E-02 ) ( 6 ( 2200 ) / ( .6875
“ig) )

= 1291 psi.

Membrane due to M1 (fr3) = Kn(R3)(M1/((T"2)(Sqgr.(Rm(T)))))

= 1.759371 ( .0517756 ) ( 13800 / ( ( .6875
“2) (Sqr. (71.65625 ( .6875) ) ) ) )

= 379 psi.

.ding due to M1 (frd) = Kb(R4)(6(M1)/((T"2)(Sqr.(Rm(T))))
= 1.470885 ( 6.392491E-02 ) ( 6 ( 13800 ) / ( ( .6875
“2) (Sqr. ( 71.65625 ( .6875 ) ) ) )
= 2347 psi.

Membrane due to M2 (fr5) = Kn(R3)(M2/((T"2)(Sqr.(Rm(T)))))
= 1.759371 ( .0517756 ) (0 / ( ( .6875 " 2 ) ( Sgr. (
71.65625 ( .6875 ) ) ) ) )
= 0 psi.

Bending due to M2 ({r6) = Kb(R4)(6(M2)/((T"2)(Sqr.(Rm(T))))

= 1.470885 ( 6.392491E-02 ) (6 (0 ) / ( ( .6875
" 2) (Sqr. (71.65625 ( .6875) ) ) )

= 0 psi.

Press. stress ({r7) = Dp(Rm)(Iv)/(2(T))
=10 (71.65625 ) (1) / (2 ( .6875) )

= 521 psi.
Stresses Au Al Bu Bl Cu cl Du Dl
-or 1 -285 -285 -285 -285 -285 -285 -285 -285
-or 2 -1291 1291 -1291 1291 -1291 1291 -1291 1291
-or 3 0 0 0 0 -379 -379 379 379
-or 4 0 0 0 0 -2347 2347 2347 -2347
-or 5 0 0 0 0 0 0 0 0
"Illi-é 0 0 0 0 0 0 0 0
-or -1576 1006 -1576 1006 -4302 2974 1150 -962
-op 521 521 521 521 521 521 521 521
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.ntric parameters

U = 7657995
Tx = 17.26861
p = 2.272729

Tangential stresses : (@ Attachment)

Membrane due to P (ot1) = Kn(T1)(P/(T"2))
= 1.759371 ( .1369678 ) ( 2200 / ( .6875 ~ 2 ) )
= 1122 psi.

Bending due to P (0t2) = Kb(T2)(6(P)/(T°2))
1.470885 ( 2.107777e-02 ) ¢ 6 ( 2200 ) / ( .6875

“2))
= 866 psi.

Membrane due to M1 (ot3) = Kn(T3)(M1/((T 2)(Sqr.(Rm(T)))))

= 1.759371 ( .1378333 ) ( 13800 / ( ( .6875
"2 ) (Sqr. ( 71.65625 ( .6875 ) ) ) ) )

= 1009 psi.

Bending due to M1 (ot4) = Kb(T4)(6(M1)/((T"2)(Sqr.(Rm(T))))
= 1.470885 ( 4.789065E-02 ) ( 6 ( 13800 ) / ( ( .6875
“2) (Sqgr. ( 71.65625 ( .6875 ) ) ) )

, = 1758 psi.
embrane due to M2 (ot5) = Kn(T3)(M2/((T"2)(Sqr.(Rm(T)))))
= 1.759371 ¢ .1378333 ) (0 /7 ¢ ( .6875 ~ 2 ) ( Sqr. (
71.65625 ( .6875 ) ) ) ) )
= 0 psi.

Bending due to M2 (oté) = Kb(T4)(6(M2)/((T 2)(Sqr.(Rm(T))))

= 1.470885 ( 4.789065E-02 ) ( 6 ¢ 0 ) / ( ( .6875
“2) (Sgr. ( 71.65625 ( .6875 ) ) ) )

= 0 psi.

Press. stress (ot7) = Dp(Rm)CIV)/(2(T)) |
=10 ( 71.65625 ) (1) /(2 .6875) )

= 521 psi.

Stresses Au Al Bu Bl Cu cl Du DL
-ot 1 -1122 -1122 -1122 -1122 -1122 -1122 -1122 -1122
-ot 2 -866 866 -866 866 -866 866 -866 866
-ot 3 0 0 0 0 -1009 -1009 1009 1009
-ot & 0 0 0 0 -1758 1758 1758 -1758

-ot 5 0 0 0 0 0 0 0 0

-ot 6 0 0 0 0 0 0 0 0
-ot -1988 -256 -1988 -256 -4755 493 779 -1005
‘ 521 521 521 521 521 521 521 521
-1467 265 -1467 265 -4234 1014 1300 -484
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‘II" stresses : (@ Attachment)

Shear due to V1 (os1) = V1/(3.1416(Ro)(T))
0/ ¢ 3.1416 ( 5.375 ) ( .6875 ) )
= 0 psi.

Shear due to V2 (os2)

V2/(3.1416(R0)X(T))
0/ ¢ 3.1416 ( 5.375 ) ( .6875 ) )

0 psi.

Shear due to Mt (os3)

Mt/(3.1416(R0"2)(2)(T))

=0/ (3.116 (5.375 " 2) (2)( .6875) )

= 0 psi.
Stresses Au Al Bu Bl Cu cl Du Dl
-os 1 0 0 0 0 0 0 0 0
-0s 2 0 0 0 0 0 0 0 0
-0s 3 0 0 0 0 0 0 0 0
-ost 0 0 0 0 0 0 0 0

13
Combined stress intensity : (@ Attachment)

o (comb.) = The larger of :
1) ort

2) ott

3) ort - ott

- When ost <> 0

o (comb.) = The larger of :

1) 0.5[ort+ott+Sqr.((ort-ott) 2+4(ost™2))]
2) 0.5[ort+ott-Sqr.((ort-ott) 2+4(ost™2))]
3) sqr.((oct-ott) 2+4(ost"2)))

Stresses Au Al Bu Bl Cu cl Du Dl
-gs (comb.) -1468 1527 -1468 1527 -4235 3495 1671 -485
13
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX
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--- COMPUTATION OF LOCAL STRESSES ---
CUSTOMER NAME : FMC
P.0. NO. : 96096.088
ITEM NO. : V-2214 S/0 NO. :

DESIGNER NAME : CS HSU DATE : 08-16-1999
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--- Stresses in Spherical head ---
(@ Pad outer edge)

Attachment Mk. : N7

M.A.W.P. : 10 psi.
Des. temp. : 328 deg. F

d rad. : 71.25 in. Head mean rad. : 71.46875 in. (corr.)
d thk. : .375 in. ( .3125 in. (corr.))

Material : SA 516 70

Allow. stress : 17500 psi.

Attachment

Shape : Cylindrical

0D : 16.75 in. Quts. rad. : 8.375 in.
Rad. @ nozz. interface : .375 in.

Loads & Moments

Radial load P : 2200 1b.
Shear load V1 : 0 1b.
Shear load V2 : 0 1b.

Moment M1 : 13800 in.-1b.
Moment M2 : 0 in.-1b.
Moment Mt : 0 in.-1b.

Stress coefficient factors

Kn : 1.454862 Kb : 1.250597 Iv:1
R1 : 2.209713E-02 R2 : 1.626684E-02 R3 : 1.872819E-02 R4 : 2.188655E-02
T1 : .025 T2 : 5.727186E-03 T3 : .018 T4 : 6.718464E-03
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.utri c parameters

U = Ro/(Sqr.(Rm(T)))
=8.375 / ( Sqr. ( 71.46875 ( .3125 ) ) ) = 1.772155

Tx = rm/t = 6.72375 / 3.3025 = 2.035958
p =T/t =.3125 / 3.3025 = 9.462529E-02

Radial stresses : (@ Pad outer edge)

Membrane due to P (frl) = Kn(R1)(P/(T"2))
= 1.454862 ( 2.209713€-02 ) ( 2200 / ( .3125 " 2 ) )
= 724 psi.

Bending due to P (fr2) = Kb(R2)(6(P)/(T"2))

= 1.250597 ( 1.626684E-02 ) ( 6 ( 2200 ) / ( .3125
"2))

= 2750 psi.

Membrane due to M1 (fr3) = Kn(R3)(M1/((T"2)(Sqr.(Rm(T)))))

= 1.454862 ( 1.872819E-02 ) ( 13800 / ( ( .3125
“2) (Sqr. (71.46875 ( .3125) ) ) ) )

= 815 psi.
‘ing due to M1 (ir4)

“2) (Sqr. ( 71.46875

Kb(R4) (6(M1)/((T"2)(Sqr.(Rm(T))))

1.250597 ( 2.1886556-02 ) ( 6 ( 13800 ) / ( ( .3125
3125) ) ) )

4911 psi.

n o~ n

Membrane due to M2 (fr5) = Kn(R3)(M2/((T"2)(Sqr.(Rm(T)))))
= 1.454862 ( 1.872819€-02 ) ( 0/ ( ( .3125
"2) (Sqr. (71.46875 ( .3125) ) ) ) )
= 0 psi.

Bending due to M2 (fr6) = Kb(R4)(6(M2)/((T"2)(Sqr.(Rm(T))))

= 1.250597 ( 2.188655€-02 ) (6 (0 ) / ( ( .3125
" 2) (Sqr. (71.46875 ( .3125) ) ) )

= 0 psi.

Press. stress (fr7) = Dp(Rm)(Iv)/(2(T))
=10 (71.46875 ) (1) / (2 ( .3125) )

= 1144 psi.

Stresses Au Al Bu Bl Cu cl Du DL
-or 1 -724 -724 -724 -724 -724 -724 -724 -724
-or 2 -2750 2750 -2750 2750 -2750 2750 -2750 2750
-or 3 0 0 0 0 -815 -815 815 815
-or &4 0 0 0 0 -4911 4911 4911 -4911
-or 5 0 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0 0
-ar -3474 2026 -3474 2026 -9200 6122 2252 -2070
-op 1144 1144 1144 1144 1144 1144 1144 1144




a
Item no. : V-2214 S/o no. : Téa} 3

Lt 22 s e e e e e e e e e et

’utric parameters

U = 1.772155
Tx = 2.035958
p = 9.462529E-02

Tangential stresses : (@ Pad outer edge)

Membrane due to P (ot1) = Kn(T1)(P/(T"2))
= 1.454862 ( .025 ) ( 2200 7 ¢ .3125 "2 ) )
= 819 psi.

Bending due to P (ot2) = Kb(T2)(6(P)/(T°2))

= 1.250597 ( 5.727186E-03 ) ( 6 ( 2200 ) / (¢ .3125
23

= 968 psi.

Membrane due to M1 (ot3) = Kn(T3)(M1/((T°2)(Sqr.(Rm(T)))))

= 1.454862 ( .018 ) ( 13800 / ¢ ¢ .3125 "~ 2 ) ( Sgr. (
71.46875 ¢ .3125 ) ) ) ) )

= 783 psi.

Bending due to M1 (ot4) = Kb(T4)(6(M1)/((T 2)(Sqr.(Rm(T))))
= 1.250597 ( 6.718464E-03 ) ( 6 ( 13800 ) / ( ( .3125
T 2) (Sqr. ( 71.46875 ( .3125 ) ) ) )

. = 1507 psi.

Membrane due to M2 (ot5) = Kn(T3)(M2/((T"2)(Sqr.(Rm(T)))))
1.454862 ( .018 ) ( 0/ ( ¢ .3125 “ 2 ) ( Sqr. (

71.46875 ( 3125 ) ) ) ) )
= 0 psi.

Bending due to M2 (ot6) = Kb(T4)(6(M2)/((T2)(Sqr.(Rm(T))))

= 1.250597 ( 6.718464E-03 ) ( 6 ( 0 ) / ¢ ( .3125
T2) (Sqr. ( 71.46875 ¢ .3125 ) ) ) )

= 0 psi.

Press. stress (ot7) = Dp(Rm)(Iv)/(2(T))
=10 ( 71.46875 ) (1 )/ (2 ( .3125 ) )

= 1144 psi.
Stresses Au Al Bu Bl Cu cl Du DL
-ot 1 -819 -819 -819 -819 -819 -819 -819 -819
-ot 2 -968 968 -968 968 -968 968 -968 968
-ot 3 0 0 0 0 -783 -783 783 783
-ot &4 0 0 0 0 -1507 1507 1507 -1507
-ot 5 0 0 0 0 0 0 0 0
-ot 6 0 0 0 0 0 0 0 0
-ot -1787 149 -1787 149 -4077 873 503 -575
‘ 1144 1144 1144 1144 1144 1144 1144 1144
t -643 1293 -643 1293 -2933 2017 1647 569
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‘ar stresses : (@ Pad outer edge)

Shear due to V1 (os1) = V1/(3.1416(Ro)(T))
0/ ( 3.1416 ( 8.375 ) ( .3125 ) )

0 psi.

Shear due to V2 (os2)

V2/(3.1416(Ro)(T))
0/ C 3.1416 ( 8.375 ) ( .3125 ) )

0 psi.

Shear due to Mt (os3)

Mt/(3.1416(R0"2)(2)(T))

=0/ ¢3.1416 (8375 " 2)(2)( .3125 ) )

= 0 psi.
Stresses Au Al Bu Bl Cu cl Du DL
-os 1 0 0 0 0 0 0 0 0
-0s 2 0 0 0 0 0 0 0 0
-0s 3 0 0 0 0 0 0 0 0
-ost 0 0 0 0 0 0 0 0

13
Combined stress intensity : (@ Pad outer edge)

o (comb.) = The larger of :
1) ort

2) ott

3) ort - ott

- When ost <> 0

o (comb.) = The larger of :

1) 0.5[ort+ott+Sqr.((ort-ott) 2+4(ost"2))]
2) 0.5[ort+ott-Sqr.((ort-ott) 2+4(ost"2))]
3) sqr.((oct-ott) "2+4(ost2)))

Stresses Au Al Bu Bl Cu cl Du Dl
-o0s (comb.) -2331 3170 -2331 3170 -8057 7266 3396 -1496
11
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N2 EXTERNAL LoADS

2. DESICA) conDITIonS

ASSUME THE WoRSE ZASE THAT VESSEL/PrT 'S suPpeRTeD BY
INLET Nozzl& N2z ,14" , onLY.

BASED oA THE ASsuUMpTion MENSIONED ARBOVE , THE STRESS AMALYSS
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LoADS -
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AGITATOR WEIGHT : Wa = 700 BS
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PITING LoAD @ BTM, PRAIW NozzZ|e : v\)?, = 2200 |BS
ToTAL DEAD WT (W) = Wp *We+we+ Wp +Wp, = lbozo LES
SEIEMIC LopD : [BASED ON LBC (,DE )
V - ZIc W Z = 05 (Zong 5)
Rw T 2 L2
. (00,635 (13820) C=g15
Kw=4
= 2860 LB W= Wptwe+Watwpe = 13820 LBS
7w 1255 T:CTH;/LL
= = (0,035)(5,0)™
_G.25) (1.2) = 0. 117 sec,
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. File name & Design pressures «t # 1)

File name = V2214SUP
Cust. name = FMC

P.0. no. = 96096.088
Item no. = V-2214
S/0 no. =

Des. name = CS HSU
Unit (E/M) = E

MAP (n&c) = 10

MAWP (des.) = 10

Des. temp. = 328
Attach. loc. (S/H) = H

- Vess. material & Attachment dimensions ( # 2 )

Vess. mat. = SA 516 70
Allow. stress (des.) = 17500
Vess. thk./Pad thk. = 0.375/0.375

Corr. allow. = 0.0625
Shell ID or Head rad. 71.25

‘tach. mark = N2

Attach. type (C/R) c
Attach. 1ID = 13

Attach. 0OD/Pad 0D = 14/20
Rad. @ nozz. interf. =
Hollow or Solid (1/2) = 1
Dim. Cl/Clp =

Dim. Cc/Ccp =

- Forces & Moments (Spherical) ( # 3 )

Radial load P = 16020
Shear load V1 =0
Shear load V2 = 0
Moment M1 = 85500
Moment M2 = 0
Moment MT = 0
Factor Kn or 0 = 0
Factor Kb or 0 =0
Factor Iv or 0 = 0

‘tput (S/P) = P
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Forces & Moments (Cylindrical) ( # & )

Radial load P =

Shear load Ve =

Shear load Vvl = 750
Moment ML = 22500
Moment Mc =
Moment MT =
Factor Kn or 0 = 0
Factor Kb or 0 = 0
Factor Iv or 0 = 0
Qutput (S/P) = P

» ( # 5 )

—
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--- COMPUTATION OF LOCAL STRESSES ---
CUSTOMER NAME : FMC
P.0. NO. : 96096.088
ITEM NO. : V-2214 S/0 NO. :
DESIGNER NAME : CS HSU DATE : 08-16-1999
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--- Stresses in Spherical head ---
(@ Attachment)

Attachment Mk. : N2

M.A.W.P. : 10 psi.
Des. temp. : 328 deg. F

Vessel
d rad. : 71.25 in. Head mean rad. : 71.65625 in. (corr.)
d thk. : .75 in. ( .6875 in. (corr.))

Material : SA 516 70
Allow. stress : 17500 psi.

Attachment

Shape : Cylindrical

0D : 14 in. Quts. rad. : 7 in.
Rad. @ nozz. interface : .375 in.

Loads & Moments

Radial load P : 16020 1b.
Shear load V1 : 0 1b.
Shear load V2 : 0 1b.

Moment M1 : 85500 in.-1b.
Moment M2 : 0in.-1b.
Moment Mt : 0 in.-1b.

Stress coefficient factors

Kn : 1.759371 Kb : 1.470885 Iv : 1
Rl : 2.491521E-02 R2 : 3.640958E-02 R3 : 3.401551E-02 R4 : 5.991575E-02
T1 : .102268 T2 : 1.425405E-02 T3 : .1028471 T4 : 2.766207E-02
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.vetri c parameters

U = Ro/(Sqr.(Rm(T)))
=7/ (Sqr. ( 71.65625 ( .6875 ) ) ) = .9973203

Tx = rm/t = 6.78125 / .4375 = 15.5
p=T/t =.6875/ .4375 = 1.571429

Radial stresses : (@ Attachment)

Membrane due to P (frl) = Kn(R1)(P/(T"2))
= 1.759371 ( 2.491521€-02 ) ( 16020 / ( .6875 ~ 2 ) )
= 1486 psi.

Bending due to P (fr2) = Kb(R2)(6(P)/(T"2))

= 1.470885 ( 3.640958E-02 ) ( 6 ( 16020 ) / ( .6875
® 27 )

= 10891 psi.

Membrane due to M1 (fr3) = Kn(R3)(M1/((T"2)(Sqr.(Rm(T)))))

= 1.759371 ( 3.401551E-02 ) ( 85500 / ( ( .6875
“2) (Sqr. (71.65625 ( .6875) ) ) ) )

= 1542 psi.

ing due to M1 (fr4) = Kb(R4)(6(M1)/((T"2)(Sqr.(Rm(T))))
= 1.470885 ( 5.991575E-02 ) ( 6 ( 85500 ) / ( ( .6875
“2) (Sqr. (71.65625 ( .6875) ) ) )
= 13628 psi.

Membrane due to M2 (fr5) = Kn(R3)(M2/((T"2)(Sqr.(Rm(T)))))
. = 1.759371 ( 3.401551€-02 ) (0 / ( ( .6875
"2 ) (Sqr. (71.65625 ( .6875 ) ) ) ) )
= 0 psi.

Bending due to M2 (fr6) = Kb(R4)(6(M2)/((T"2)(Sqr.(Rm(T))))

= 1.470885 ( 5.991575E-02 ) (6 (0 ) / ( ( .6875
“2) (Sqr. (71.65625 ( .6875) ) ) )

= 0 psi.

Press. stress (fr7) = Dp(Rm)(Iv)/(2(T))
=10 (71.65625 ) (1) / (2 ( .6875) )

= 521 psi.
Stresses Au Al Bu Bl Cu cl Du Dl
-or 1 -1486 -1486 -1486 -1486 -1486 -1486 -1486 -1486
-or 2 -10891 10891 -10891 10891 -10891 10891 -10891 10891
-or 3 0 0 0 0 -1542 -1542 1542 1542
-or 4 0 0 0 0 -13628 13628 13628 -13628
-or 5 0 0 0 0 0 0 0 0
’6 0 0 0 0 0 0 0 0
-12377 9405 -12377 9405 -27547 21491 2793 -2681
-op 521 521 521 521 521 521 521 521
-ort -11856 9926 -11856 9926 -27026 22012 3314 -2160

- < 35 :52500 Pol 0K
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‘:tric parameters

U = .9973203
Tx = 15.5
p = 1.571429

Tangential stresses : (@ Attachment)

Membrane due to P (ot1) = Kn(T1)(P/(T"2))
= 1.759371 ( .102268 ) ( 16020 / ( .6875 "~ 2 ) )
= 6098 psi.

Bending due to P (ot2) = Kb(T2)(6(P)/(T"2))

= 1.470885 ( 1.425405E-02 ) ( 6 ( 16020 ) / ( .6875
“2))

= 4264 psi.

Membrane due to M1 (ot3) = Kn(T3)(M1/((T"2)(Sqr.(Rm(T)))))

= 1.759371 ( .1028471 ) ( 85500 / ( ( .6875
“2) (Sqgr. ( 71.65625 ( .6875 ) ) ) ) )

= 4663 psi.

Bending due to M1 (ot4) = Kb(T4)(6(M1)/((T 2)(Sqr.(Rm(T))))
= 1.470885 ( 2.766207e-02 ) ¢ 6 ( 85500 ) / ( ( .6875
“2) (Sqgr. ( 71.65625 ( .6875 ) ) ) )

‘ = 6292 psi.

Membrane due to M2 (ot5) = Kn(T3)(M2/((T"2)(Sqr.(Rm(T)))))

= 1.759371 ( .1028471 ) ( 0 /7 ( ( .6875 " 2 ) ( Sgr. (
71.65625 ¢ .6875 ) ) ) ) )

= 0 psi.

Bending due to M2 (oté) = Kb(T4)(6(M2)/((T 2)(Sqr.(Rm(T))))

1.470885 ( 2.766207e-02 ) ( 6 ( 0 ) / ¢ ( .6875
6875 ) ) ) )

0 psi.

“2) (Sqr. ( 71.65625

n o~ n

Press. stress (ot7) = Dp(Rm)(Iv)/(2(T))
=10 ¢ 71.65625 ) ( 1)/ (2 ( .6875) )

= 521 psi.
Stresses Au Al Bu Bl Cu cl Du DL
-ot 1 -6098 -6098 -6098 -6098 -6098 -6098 -6098 -6098
-ot 2 -4264 4264 -4264 4264 -4264 4264 -4264 4264
-ot 3 0 0 0 0 -4663 -4663 4663 4663
-ot 4 0 0 0 0 -6292 6292 6292 -6292
-ot 5 0 0 0 0 0 0 0 0
-ot 6 0 0 0 0 0 0 0 0
-ot -10362 -1834 -10362 -1834 -21317 -205 593 -3463
‘ 521 521 521 521 521 521 521 521
-ott -9841 -1313 -9841 -1313 -20796 316 114 -2942
1

<3S = 52500 PoI 0K
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.Ar stresses : (@ Attachment)

Shear due to V1 (os1) = V1/(3.1416(Ro)(T))
0/ C3.1416 (7)) ( .6875))
= 0 psi.

Shear due to V2 (os2)

V2/(3.1416(R0)(T))
0/ C3.1416 (7 ) ( .6875 ) )
= 0 psi.

Shear due to Mt (os3)

Mt/(3.1416(Ro"2)(2)(T))
=0/ (3.1416 (7" 2)((2)( .6875))

= 0 psi.
Stresses Au Al Bu Bl Cu cl Du Dl
-os 1 0 0 0 0 0 0 0 0
-0s 2 0 0 0 0 0 0 0 0
-0s 3 0 0 0 0 0 0 0 0
-ost 0 0 0 0 0 0 0 0

13
Combined stress intensity : (@ Attachment)

'venastxo

o (comb.) = The larger of :
1) ort

2) ott

3) ort - ott

- When ost <> 0

o (comb.) = The larger of :

1) 0.5[ort+ott+Sqr.((ort-ott) "2+4(ost"2))]
2) 0.5[ort+ott-Sqr.((ort-ott) 2+4(ost™2))]
3) Sqr.((oct-ott) 2+4(ost"2)))

Stresses Au Al Bu Bl Cu cl Du DL
-os (comb.) -11857 11239 -11857 11239 -27027 22012 3314 -2943
1t
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX
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--- COMPUTATION OF LOCAL STRESSES ---
CUSTOMER NAME : FMC
P.0. NO. : 96096.088
ITEM NO. : V-2214 S/0 NO. :
DESIGNER NAME : CS HSU DATE : 08-16-1999

R s s

--- Stresses in Spherical head ---
(@ Pad outer edge)

Attachment Mk. : N2

M.A.W.P. : 10 psi.
Des. temp. : 328 deg. F

Vessel
d rad. : 71.25 in. Head mean rad. : 71.46875 in. (corr.)
d thk. : .375 in. ( .3125 in. (corr.))

Material : SA 516 70
Allow. stress : 17500 psi.

Attachment

Shape : Cylindrical

0D : 20 in. Quts. rad. : 10 in.
Rad. @ nozz. interface : .375 in.

Loads & Moments

Radial load P : 16020 1b.
Shear load V1 : 0 1b.
Shear load V2 : 0 1b.

Moment M1 : 85500 in.-1b.
Moment M2 : 0 in.-1b.
Moment Mt : 0 in.-1b.

Stress coefficient factors

Kn : 1.454862 Kb : 1.250597 Iv : 1
R1 : 1.595491E-02 R2 : 1.208639E-02 R3 : 1.133365E-02 R4 : 1.533949E-02
T1 : 2.105517E-02 T2 : 5.55182E-03 T3 : 1.339311E-02 T4 : 4.629686E-03
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‘m:tric parameters

U = Ro/(Sqr.(Rm(T)))
=10/ ( Sqr. ( 71.46875 ( .3125 ) ) ) = 2.116006

Tx = rm/t = 8.28125 / 3.4375 = 2.409091
p =T/t = .3125 / 3.4375 = 9.090909E-02

Radial stresses : (@ Pad outer edge)

Membrane due to P (frl) = Kn(R1)(P/(T"2))
= 1.454862 ( 1.595491E-02 ) ( 16020 / ( .3125 " 2 ) )
= 3808 psi.

Bending due to P (fr2) = Kb(R2)(6(P)/(T"2))

= 1.250597 ( 1.208639E-02 ) ( 6 ( 16020 ) / ( .3125
= 20

= 14877 psi.

Membrane due to M1 (fr3) = Kn(R3)(M1/((7"2)(Sqr.(Rm(T)))))

= 1.454862 ( 1.133365E-02 ) ( 85500 / ( ( .3125
“2) (Sqgr. (71.46875 ( .3125) ) ) ) )

= 3055 psi.

ding due to M1 (frd) = Kb(R4)(6(M1)/((T"2)(Sqr.(Rm(T))))
‘ = 1.250597 ( 1.533949E-02 ) ( 6 ( 85500 ) / ( ( .3125
2 ) (Sqr. ( 71.46875 ( .3125) ) ) )
= 21324 psi.

Membrane due to M2 (fr5) = Kn(R3)(M2/((T"2)(Sar.(Rm(T)))))

= 1.454862 ( 1.1333656-02 ) ( 0 / ( ( .3125
"2 ) (Sqr. (71.46875 ( .3125) ) ) ) )

= 0 psi.

Bending due to M2 (fr6) = Kb(R4)(6(M2)/((T"2)(Sqr.(Rm(T))))

= 1.250597 ( 1.533949€-02 ) (6 (0) / ( ( .3125
“2) (Sqr. (71.46875 ( .3125) ) ) )

= 0 psi.

Press. stress (fr7) = Dp(Rm)(Iv)/(2(T))
=10 (71.46875 ) (1) / (2 ( .3125) )

= 1144 psi.

Stresses Au Al Bu Bl Cu cl Du Dl

-or 1 -3808 -3808 -3808 -3808 -3808 -3808 -3808 -3808

-or 2 -14877 14877 -14877 14877 -14877 14877 -14877 14877

-or 3 0 0 0 0 -3055 -3055 3055 3055

-or & 0 0 0 0 -21324 21324 21324 -21324

-or 5 0 0 0 0 0 0 0 0

—gr 6 0 0 0 0 0 0 0 0
‘r -18685 11069 -18685 11069 -43064 29338 5694 -7200

-op 1144 1144 1144 1144 1144 1144 1144 1144

-ort -17541 12213 -17541 12213 -41920 30482 6838 -6056
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'@tric parameters

U = 2.116006
Tx = 2.409091
p = 9.090909€-02

Tangential stresses : (@ Pad outer edge)

Membrane due to P (ot1) = Kn(T1)(P/(T"°2))
= 1.454862 ( 2.105517e-02 ) ( 16020 / (¢ .3125 "2 ) )
= 5025 psi.

Bending due to P (ot2) = Kb(T2)(6(P)/(T"2))

= 1.250597 ( 5.55182E-03 ) ( 6 ( 16020 ) / ¢ .3125
RNy )

= 6834 psi.

Membrane due to M1 (ot3) = Kn(T3)(M1/((T"2)(Sgr.(Rm(T)))))

= 1.454862 ( 1.339311E-02 ) ( 85500 / ¢ ( .3125
T2) (Sqr. ( 71.46875 ( 3125 ) ) ) ) )

= 3610 psi.

Bending due to M1 (ot4) = Kb(T4)(6(M1)/((T 2)(Sgr.(Rm(T))))
= 1.250597 ( 4.629686E-03 ) ( 6 ( 85500 ) / ¢ ( .3125
“2) (Sqr. ( 71.46875 ( .3125 ) ) ) )

‘ = 6436 psi.

Membrane due to M2 (ot5) = Kn(T3)(M2/((T"2)(Sqr.(Rm(T)))))

= 1.454862 ( 1.339311E-02 ) ¢ 0 / ( ¢ .3125
T2) (Sqgr. ( 71.46875 ( .3125) ) ) ) )

= 0 psi.

Bending due to M2 (oté) = Kb(T4)(6(M2)/((T 2)(Sqr.(Rm(T))))

= 1.250597 ( 4.629686E-03 ) ( 6 ( 0 ) / ¢ ( .3125
T2) (sqr. ( 71.46875 ( .3125 ) ) ) )

= 0 psi.

Press. stress (ot7) = Dp(Rm)(Iv)/(2(T))
=10 ( 71.46875 ) (1 )/ (2 .3125 ) )

= 1144 psi.
Stresses Au Al Bu Bl Cu cl Du Dl
-ot 1 -5025 -5025 -5025 -5025 -5025 -5025 -5025 -5025
-ot 2 -6834 6834 -6834 6834 -6834 6834 -6834 6834
-ot 3 0 0 0 0 -3610 -3610 3610 3610
-ot 4 0 0 0 0 -6436 6436 6436 -6436
-ot 5 0 0 0 0 0 0 0 0
-ot 6 0 0 0 0 0 0 0 0
-ot -11859 1809 -11859 1809 -21905 4635 -1813 -1017
‘ 1144 1144 1144 1144 1144 1144 1144 1144
ott -10715 2953 -10715 2953 -20761 5779 -669 127
3
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‘.r stresses : (@ Pad outer edge)

Shear due to V1 (os1) = V1/(3.1416(Ro)(T))
0/ (¢ 3.1416 ( 10 ) ¢ .3125 ) )

= 0 psi.

Shear due to V2 (os2)

V2/(3.1416(Ro)(T))
0/ (3.1416 (10 ) ( .3125) )
= 0 psi.

Shear due to Mt (os3)

Mt/(3.1416(R0"2)(2)(T))

=0/ ¢3.1416 (10 " 2)(2) (¢ .3125) )

= 0 psi.
Stresses Au Al Bu Bl Cu cl Du Dl
-os 1 0 0 0 0 0 0 0 0
-0s 2 0 0 0 0 0 0 0 0
-0s 3 0 0 0 0 0 0 0 0
-ost 0 0 0 0 0 0 0 0

13
Combined stress intensity : (@ Pad outer edge)

‘Nenost=0

o (comb.) = The larger of :
1) ort

2) ott

3) ort - ott

- When ost <> 0

o (comb.) = The larger of :

1) 0.5[ort+ott+Sqr.((ort-ott) "2+4(ost"2))]
2) 0.5[ort+ott-Sqr.((ort-ott) 2+4(ost"2))]
3) sqgr.((oct-ott) "2+4(ost"2)))

Stresses Au Al Bu Bl Cu cl Du DL
-0s (comb.) -17542 12213 -17542 12213 -41921 30482 7507 -6184
11
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@R, T 5. ALL NEW NO2ZLE /COUPLNG OPENKGS S~ALL BE DRWLED OR Cul 1O MATCH
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ATTACHMERT 2

CLIENT: FMC 8/16/99
PROJECT:

SUBJECT: SLURRY POT ASSESMENT

TANK: V-2214, NO.2 FURNACE 2ND PASS SLURRY POT

NOZZLE SCHEDULE
MK SIZE SERVICE NECK REINFORCING PAD LOCATION
N1 15" 0.D. AGITATOR 3/8" 3/8"tX 21" O.D. SHELL
N2 14" INLET SCH XST (0.5 3/8"t X 20" O.D. TOP HEAD
N3 6" FOG CONN. SCH 40 (0.28") 3/8"tX 125/8"0.D. TOP HEAD
N4 4" PE CONN. SCH 40 (0.237") 3/8"tX 9" O.D. SHELL
N5 3" PUMP SUCTION SCH 40 (0.216") 3/8"tX71/2"0.D. SHELL
N6 2" PUMP DISCHARGE SCH 80 (0.218") NO PAD SHELL
N7 10" DRAIN SCH 40 (0.375") NO PAD BTM HEAD
N8 4" OUTLET SCH 40 (0.237") NO PAD BTM HEAD

M1 22" MANWAY SCH STD (0.375") NO PAD SHELL




Form 5007 (Rev. 9/95)

SUBJECT

JO. Gfoaf.082

Raytheon Engineers & GENERAL CALCULATION SETNO. | REV. | COMP.BY | CHK'D.BY |
Constructors  COMPUTATION 4} C{)‘i’T"E‘ e 1
PRELIM. | FINAL | VOID *
SHEET 9-1699 |
Fr(
PROJECT SHEET / OF > DATE DATE

& TDEGIGN oRITCRIA [REFERENCES:

ASME coe <SecT. NI ™V, 1
WELDING ResearcH CouNalll (wWRe ) BULLETIA o]
TRECSURE Vessel_ DESIGA HAND Book , 2/A)D étyw-rnorJ

2 STRELS (oNSIDERATION) @

2T0 % X

use 3.193"

THe LIMiTS OF remRRCEUEAT = 3.(93"

¢ PeR PressRE VESSEL Design) HANDBeo K TARA 7.5.3 PAGE zo9,

THE WITTH OF REIAFPRCING PAD, UNLESS INTERMED|ATE WELDS ARE LISED),
SHALL NOT eX(CeeD

D lbtp =UE)(0.315) = &

2) 1= A =8 (0315- 00628 = 5"

6/2 =2" < 3,193" MenTIoNED ABoVE

» PER. ASME (oDE LG40, LIM|ITS of RE/NFoRCEMENT |, MEASLRED PARALLEL
To SHELL WALL , gallBe AT A DIUTANCE, ON EAcH 41bE OF CPaIA4
EQUAL T2 THE GrEATER 6F THE FPrUow/A)§:
D e mA, A oF ™HE Faisen ovenig @ A = 2,143"
2) Po+tte= (3.043/2) + 03154+0.216 = 2.1875"

Zo PR PuMP sucTion) , -l

* TER ASME covE nG -29 STIFEENING RINGS PR C/LNDRICAL SHeLL
UNDeR  BATeRNAL TlssURE, THE SUELL SECTion USED SHALL NoT BE
GeeaTer THAN LI ADEs = U1 J(72>(35) = 552"

¢+ RE 4 [<Teptns - ROGER REFERENCE | ANALY SIS Fo€ Bx TERNAL LoADS
ON FRESSURE VESSELS 4peci AeD V' THE SHELL STRESEs DUE To LocAL
LoAD TeAD TowARD zero WITHIN A DISTANCE oF
JRT = 41" ~ 10
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CALCULATION SET NO.

PRELIM. | FINAL | VOID

REV.

COMP.BY
¢S

CHK'D.BY

DATE

i
|
i
|
|

Raytheon Engineers & GENERAL
Constructors  COMPUTATION
SHEET
PROJECT
SUBJECT

SHEET > OF >

10 96094, 088

4-16-949

——

DATE

DATE

S, DISTANCE PeTwleen) Nozzlc & TA™MP swTPeRT QusesTs ©

ANGIE BETWEEN NoZZLe oD 4 GusseT 1s 24°

ARC LENGTH = C7?)(/?r)(

.

S, CoNCLUSION] &

TUE To THE DuCUXIoA ABOVE, PUMP SueTien) (2”) AND POMP

24
260

S STRESSES WILL NOT INELUBNCE EACH oTHER.

SUPPORT GUSSETS SHoULD BE EVALULATED INDIVIDUALLY,
BAsED ON \esse] CALCULATION CRITERIA, DP=10Ps16 4 CcA=1t",
THE SHEW. THICkNESS SlouLD BE 009466,
THE (o2roDED THICKNESS MeEAsUReD 16 O, 213" >ao4éé”

>= 16,24" > 10+32.143 = 13,143"

*+ THE EX\STING CorRoDED THICKAESS | ADEAUATE PR INTERAA]
PrRESS {RE A NOZZLE REINFORCEMENT. :
* THE DISTANCE BETWEEA) MEASURED Pord] AND PUMP surpeil] GuUsseT
15 odT OF UMITS OF REINFORCEMENT, THE MINIMUM SHeLL
THICKNESS 6F 0,220" 15 NOT APPLI CABLE .

S, DISCOhIoN) ¢

PR THE SATFETY coNsIDERATION), RE4 C ReEcoOMMeNDs THAT

SHELL THICKNESS 1IN TRE DWSTANCE OF (0" FroM GUSET SHoulD
BE eVALUTED AGan ,
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l on CALCULATION SET NO.
Engineers & Constructors CALCULATION SUMMARY M- 1D
A Coneckialion of Bedger and DEXC & C%Pf;l:?l.o?;lEET PREUM.| FINAL | VoD |REvisioN
@
v O
piscipune  MECKANICAL

PROJECT TITLE FMC NOSAP J.0. 353.00)
STRUCTURE OR SYSTEM DESIGN CLASSIFICATION

SUBJECT SLURRY PoT Rectee. PomP Sopvor: BeAcKLT

COMPLETED BY _/Z //Am/ /Mﬁ oae _//2¢ /95
CHECKED BY () ﬂ[aﬂﬂlkﬁ%ﬁ DATE l/?fﬂ 95

7 ,.f' ~
APPROVED BY ( : 7///?77’0 A AL %@ DATE { / 26 / =
SDE OR MGR OF STAFF GROUP

DISTRIBUTION

'REASON FOR REVISION: _ TOTAL NUMBER OF SHEETS
""""""""""""""""""""""""" IN THIS ISSUE
................................... SHEETS REVISED, ADDED OR

""""""""""""""""""""""""""""""""" DELETED

.............................................................................

(4" oT

.............................................................................

A3




CALCULATION SET NO.
CALCULATION SUMMARY [ Of
& CONTROL SHEET PRELIM. FINAL VOID REVISION
Page 20f 2 7 0O
IPLIN EC L
PROJECT TITLE FMC NOsSAP o ‘?5 5;?5:‘;!"\

DESIGNBABIB. - .- vowvn oocoom m S 58576 58 scom sops i e miwgx SIS #0878 VS Gt e <
-LoADS PRoVIDLD. W STROCTURAL. CALCOLATIOYS
-2 PSIG, . WIERNAL. PRESSVEBE Redulmia FRom. STATC. . HeAD |
= ATk, LastED . ON. FMC DeAwinGS
CTurerness Check  Prevnen N Racne FerGuson  Wchd, |
DATED 10/27/44 . AND . SuBseluenT. UPPATE. ech.. n/glad. |

BAUNNG 32410 . BEV. 1B PR N=1Z\ e
yREV. 12 /... N
1 ; O . ..\...
aq?2824., KEV.O ... [
14 ReV.O
KBV, 1.
_ReM. 2. ..
geM. | Vv Vracd
STRUCT VAL . CALCOLATIONS. ..
DATED 4/16/94, Cre'D. 1217
COMPUTER PROGRAM DISCLOSURE INFORMATION:
PROGRAM USED: (NAME) REV. NO. REV. DATE PROGRAM TYPE UEAC VERIFIED
Oves
Owno
ANALYSIS DESCRIPTION RUN NO. RESULT
The attached computer output has been reviewed, the input data checked, and the results approved for release.
INPUT CRITERIA BY DATE CHECKED BY DATE
RUN BY DATE APPROVED BY DATE

ADISI01T2
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FORM 5007 REV. 491

GENERAL CALCULATION SET NO REV| COMP BY | CHKD BY
Emmmm COMPUTATION N7-/0/ A s
SHEET PRELIM FINAL VOID 0 DATE DATE
12/2//2 42/ 55
PROJECT M C CORP.
SHEET oF DATE DATE
sussEcT <L URRY POT PUMP BRACKETS Lo 9253. 79/
FURNACE |SLURRY | SHELL|PUMP | sLurRY |SLURRY| LLIQUD|CALCULATELD
MNO. por | MAT L.|BrACKET| POT por | HecL | MINIM UM
YPE | ©.DIA. |WLLTHK. WALL TH<. TOBE
(NorE 1) (NEW) (INOTE 2) | ALLowE D
| |EAST leaze ! 72" | 23" |95zr | O 290" nors =
/ WEST [ ; 0, 292" NOTE =
2 EAST 2 0.7282" See P99
V4 wW/EST | 0.290" NOTEZ
3 EALT [ 0.290" NOTE =2
32 lwer) N l o270 " nore 2
4 EAZT | SASIET0 2 ! 0. Y5 " L1722
4 | yw/soTigREle70l | Y v Y | 0.220"Sec FI5S
NOTES §

1 See swecrs 24 4.

2 4FTuouoxI28.G /221 F/est =19 r1 WE Z Pt

2. Basep on cALcULATIoNs FOR FURNIACE *1-E427
SLURRY POT, WHICH HAD THE masT SEVERE LoALD

coneor Tion,. DEE R4/ .
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R 20192

Uniled Engineers GENERAL CALCULATION SET NO REV| COMP BY | CHK'D BY
& Constructors i e
A NP COMSP:ETEA-; ION PRE/L\lj /HONA{ voo | O MDA‘T%E?~ gn:ﬂ
12/16/5 4|1/ 25/25
PROJECT FMC Corr
SHEET L DATE DATE
susuecT _SLURRY Lot [Pume BrackeT:s 10 9353,00/
FURNACE |sLurry | JOINT |LoAD |LorD | LOAD COMPONENTS
No. |tank | No. | No. |TyPE | P Ve Vi Mc | ML | Mt
| () |GN-+) | (N-1) | (N-K)
| | & |DLsLL o | O .88 O =194 4.9 |*
EasT| || g |DLesElS] 16 | .22 |).02 | 134 =225 | 5.c81%
1 o | 7 |ouEls| .14 -.22 | 7@ |~1.23 (-],.96|-4.68
WEST & & |DLLL o | O .88 o ?'/5/77 - 10.40
¢ | 7 lors| 08 |-.17 |1.02 |- .67 -18.36]-12.06
EAST 14 | & |birLL | .ol [-.0211.02 |-.02 |-2l.¢6| 9.22 |®
14 | 7 louses.| .25 | .32 | .40 |-.03 |-38.80|21.70 |®
2 WEST & & |DLtLL| O @) .98 O |-14.58 |-4.95
6 | 7 lowseis] i1 1—21 11,02 |-.87 1-16.96 |-5.25
EAST | G |DLtLL o o .08 o |-/522|10.03
= | 7 DL#Seis.| .08 A7 | 1.02 7 =17.70 | 167
WEST / 7 DL+SEls.| |0 , 18 75 73 |-12.53| 7.3%5
& & |DL+LL o O 24 o |-13.97 |- .88
6 | & |pwses.| 14 |-.23 | .02 |-108 |-16.24|-2.19
EAST /4 17 DL+LL Ol |-.02 .02 |- .02 -21.91 B.60 [H*
/4 | 7 |owrEs.| 25 | .3) | .40 |- .03 |-39.4]| 20.c[ px
4 / 7 |owses | 3 | .21 | 75 | 107 |-5.54 | 6.co
WEST| & | ¢ |owree | O o &8 O |-17.60 |- 3.9 |¥*
6 | 8 |ourseis | o |-.22 | 1.02 |- 1.2] |-20.44|- 4.54 [**

THESE LoAD CONOITIONS ARE JUOGED TO BE THE rmosT
S'EI/E,?EJ FOR EAcH PoT.

Sturry POTS FOR Fumnaces®1 EAST ®AWEST, *ZWEST, *3EAST, ¢
2 WEST ARE ALL A3% MATERIAL,WITH SIMILAR PUNP

GrecweT. TYPE 1 . Lopos marwed () For SLurry For

#49 EAST ARE JUOGED THE HIGHEST FOR ALL THESE
SeurrRyY PrPo f'.f) & THE 177//NVIINPT7 THFC FOR ALL THESE
POTS el BE BAED ON THEIE nlAXINUAT LOAAS.

SLURRY PO FOR FURNACE #2 EAST 1S A3G mATERIAL, BUT HAS

PUIP BRACKkE T T YPE Z. Miviivm TH<. FOR THIS POT
WILL BE CALCULATED SERPARATELY

SLuRRY POT For FURNACE #4 EAST IS AS16-70 MATERIAL & HAS

PumP BRACKE T TIPE Z. INImim THE, FOR THIS POT L. GE CALLUUATEL
SELPARATELY.

SLiparty POT FOR FURNACE P4 WEST 1S ASIG-70 IMATERIALE HAS PUMP BRACKET

TVE 4, Minymivn Tk FOR. THLS POT (WL BEACNATED SERANTEL Y.
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FORM 5007 REV. 491
Uniled Engineers CALCULATION SET NO REV| COMP BY | CHKD BY
el Il
A Raytheon Company A 107 Aokt
SHEET PRELIM | FINAL VOID 0 DATE DATE |
12c/ad\fes/esT
PROJECT EMc CcCORFE |
PREE * DATE DATE
sussect _SZ1/0Ry For [Fume Brackers o 9353001

Pume RBrfcner Tvee 1

FURNAce */
FURNACE ¥2
FURNACE #2
FURNACE. ¥4 WEST PoT

WEST pPOT

—ASSUME THE GUCETIS
SUPPORTED ON,

EAST & WEST PO

EAST & WesT POT

N

15/ LENGTH
OF SHELL,
ONLY.
CONSERVATIVE
SINCE GUKSET IS
AlLSO WELDED TO
HEAD.)

For MosT SEVERE LoAD
CONDITION - UsE LoAD onN
FURNACE #1-EAST POT
JOINT #1 - LOAD #¥8

weapfowE sm.\

2%

HEAD / TANGENT

ELEVATION A-A”

>

Yl % [
A .3,4:1, )
7 B-B




FORM 5007 REV. 4/91 /0 40F/9L

- CALCULATION SET NO Rev| comp BY | cHkD BY
niedEngncers  conenn - S
fa COMPUTATION -10] M. LTl
A Baytheen Company SHEET PRELIM | FINAL VOID 0 DATE

DATE
121 Jag\Wes/3

PROJECT FMC CorrP

SHEET OF DATE DATE

susseCT SSLURRY Sr [PvmpP [Brackers 1o 9353.00/

Pume BracreT Tvwee Z

FURNACE ¥2 EAsT POT
FURNAcCeE #4 EAST FPoT

——ASSUME THIS 1S THE

FURNAcE %2

N
\
3 ;
GUSSET LENSTH S
AT THE SHELL R .
ATTACH 19ENTZ n
e =
/\ WP
S - —— i
S |
/ o ’A” ‘
z ]
¥ t LAN
S -
‘\‘,‘ N u N\ *N For rosT SEVERE LIAD
NAS = Wl COND)TION - USE LOALE ON
8 | & SR FURNACE #2-EAST POT
RN K N JOINT #]4 - LoAD# G #7
)} \)) Q §\§ : r\ﬂr
N VIV
%
N
3 J
Y _ :’S / M
|4]%
58 |
v’ y
sec” B-6B

ELEV A-A”




FORM 5007 REV. 4/91

RS

oF 192

PROJECT

CALCULATION SET NO

REV

COMP BY

CHK'D BY

FINAL

VOID

M Lo

7 BHS

DATE

Wil o4

DATE
V2525

SUBJECT Szm Y l ?QZ / ?[[ﬂﬁ [: g’dmz <

SHEET

nm GENERAL
Engineers & Constructors COMPUTATION M=-/10/
SHEET PRELIM
FMC CORRP

OF

o 9257 00/

DATE

DATE

JHE FOolLlowiNG PAGES SHou) THE
TRANS FORrRIATION FROM STRUCTUITAL
CALCULATED CcADs TO MECHAN/ICAL

LOADS APPLIELD 7O rHE EQUFPHIENT
AT THE BRACKET A[TTACH/I?7ENS T,

THe LoAD TIRANSEORIMATION /S RECUVITED
IN ORDER To Use [freEssure VEsse Desian/
Pro Corf. PC PROGRAM FOR APELICATION
& ANALY LS OF LoADS /N ACCariomicE vl 7H
W ELON /&G SCESEANCH Coericit LSveceTirV/

wuRC-1o7.




FORM 5007 REV. 491

PGoF 197
I iI lE 3 . CALCULATION SET NO REV COMP BY CHK'D BY
& Constructors COMPUTATION i Al A M Souire| 7 Gl
A Raytheen Company SHEET PRELIM FINAL VvOID 0 DATE DATE
12/1 4/ 4 25/45
prOJECT __ FIMC COFRF
el £E DATE DATE
sunecr. Ly (o1 [Prap (Bracxers o 935300/

FURNACE 1- ERST POT 4 cw <) 3

" FURNACE ¥ 1-EAST
1 0,
NZEH .
¢
13.182
@ snwe=Z22 a-i407°
Sw b = ’;ﬁg & =2147°

B 360-2.49 - 338.5/°




7

. SLURRY POT PUMP BRACKET (FMCP-F1E) ——PAGE-NO—3f=—
* FURNACE NO 1 - EAST POT :
ﬁfkﬂ} e ] o197

SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE = SPACE

l JOINT LOAD FORCE-X  FORCE-Y  FORCE-Z MOM-X MOM-Y MOM Z
1 1 0.00 0.78 0.00 177X 0.00 0.00
2 0.00 0.10 0.00 2.30 0.00 0.00
3 0.00 -0.16 0.00 -3.54 0.00 0.00
4 -0.23 0.42 -0.28 9.74 1.79 0.01
5 0.00 0.00 -0.27 -6.19 0.00 0.00
6(OLtLL) 0.00 0.88_ -~ 0.00 20.01 0.00 0.00
7 (OLT2EIS) 0.17 0.38 0.21 8.63 -1.34 -0.01
8 | =-0.17 1.02 =0.21" """ 23.,2% 1:34.. 0.01

9 W 0.00 0.70 0.20 20.58 0.00 0.00
6 1 0.00 0.49 0.00 11.60 0.00 0.00
2 0.00 0.10 0.00 2.45 0.00 0.00
3 0.00 -0.10 0.00 -2.32 0.00 0.00
4 -0.20 -0.42 0.28 -10.38 1.64 0.01
5 0.00 0.00 -0.16 -3.66 0.00 0.00
6OL+LL) 0.00 0.59 0.00 14.05 0.00 0.00
_TDLrsels) 0.15 0.76 -0.21 18.23 -1.23 0.00
8 L -0.15 0.12 0.21 2.66 1.23 0.01
9 0.00 0.44 0.12 13.19 0.00 0.00

kkkkkkkkkkkkkkx END OF LATEST ANALYSIS RESULT %% %% %% %% % %% % %%

70. LOAD LIST 1 TO 5
‘ 71. PRINT JOINT DISPLACEMENTS LIST 3 4




M-10l, L € oF 192

STEARNS-ROGER DIV.§ TRANSFORMATION OF COORDINATES PROGRAM
' DATE 12-15-1994
TIME 14:09:59

Furnace ¥ - East Por

VERTICAL VESSEL
.............. N JoinT ¥l - LoAD *&
(DL. +LL)
NOZZLE ORIENTATION = 14.17 DEG
PIPING LOADS :
FX0 = 0.00 LBS MX0 = 1667.50 FT-LBS
FYD = 880.00 LBS MYO = 0.00 FT-LBS
F20 = 0.00 LBS MZ20 = 0.00 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

P (2) = 0.00 KIPS MC(Y) = 0.00 IN-KIPS
VC(X) = 0.00 KIPS ML(X) = -19.40 IN-KIPS
VL(Y) = 0.88 KIPS NT(2) = 4.90 IN-KIPS




M-101, |2 90F 192

STEARNS-ROGER DIV.Y TRANSFORMATION OF COORDINATES PROGRAM

VERTICAL VESSEL

NOZZLE ORIENTATION = 338.51 DEG

PIPING LOADS :

FX0 = 150.00 LBS MX0 =
FYO = 760.00 LBS MYO =
F20 = -210.00 LBS M20 =

TRANSLATION OF ROTATED LOADS = 0.00 IN
SECONDARY ROTATION AROUND HORIZONTAL =

ROTATED AND/OR TRANSLATED LOADS :

P(2) = 0.14 KIPS MC(Y) =
ve(x) = -0.22 KIPS ML(X) =
VL(Y) = 0.76 KIPS MT(2Z) =

DATE 12-14-1994
TIME 08:58:23

Furnace *1-East Por - 2% /s

Joiwr *6&, Loap *7
(DL + sersmic)

1519.16 FT-LBS
-102.50 FT-LBS
0.00 FT-LBS

0.00 DEG

-1.23 IN-KIPS
-16.96 IN-KIPS
-6.68 IN-KIPS




STEARNS-ROGER DIV.§ TRANSFORMATION OF COORDINATES PROGRAM

VERTICAL VESSEL

NOZZLE ORIENTATION = 14.17 DEG
PIPING LOADS :
FX0 = -170.00 LBS MX0 =
FYO = 1020.00 LBS MYO =
F20 = -210.00 LBS MZ20 =

TRANSLATION OF ROTATED LOADS = 0.00 IN

SECONDARY ROTATION AROUND HORIZONTAL =

ROTATED AND/OR TRANSLATED LOADS :

P (2) = 0.16 KIPS MC(Y) =
VC(X) = 0.22 KIPS ML(X) =
VL(Y) = 1.02 KIPS MT(Z) =

DATE 12-14-1994
TIME 08:52:01

M-lol, 210 oF 192

Firnace *®1- Easr Por -2%°(ss

Jowr ¥1, Loao ¥8
(DL +SEISMIC)

1937.50 FT-LBS ___ 23,250//2
111.67 FT-LBS 1,340/12
0.83FT-18s___19/12

0.00 DEG

1.34
-22.55
5.68

IN-KIPS
IN-KIPS
IN-KIPS




FORM 5007 REV. 491

£ 1l or 192

DR R S ——

2 Gensre COMPUTATION
SHEET
PROJECT FMC . Corr

SUBJECT ﬁU/&?Y par /‘z)/mp ﬂﬁﬁCKET_S_

FURNACE ¥1- WEST PaT

" "

CALCULATION SET NO

REV

COMP BY | CHK'D BY

NM-10/ MLuaclT ﬁT
PRELIM | FINAL vOID 0 DATE DATE |
12/)4/74 '/25/45
SHEEY or DATE DATE
w0 9252, g2/

FURNAcE #1- WEST

/Cw=(+) \X
;'  E @ \
,' 2.18¢ < "
" ® ,
,ff'i_, o=l 5.248°
@ 9%
ﬁN¢=/7'ji3 ¢=334°

Q= 3¢co0-323.4"= 22¢.6°




A
" SLURRY POT PUMP BRACKET (FMCP-F1W) —A G NO—d s
% FURNACE NO 1 - WEST POT M-101 212 o192

‘ SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE = SPACE

JOINT LOAD FORCE-X FORCE-Y FORCE-2 MOM-X MOM-Y MOM 2
1 1l 0.00 0.48 0.00 7.41 0.00 -0.01
2 0.00 0.10 0.00 1.58 0.00 0.00
3 0.00 -0.10 0.00 -1.48 0.00 0.00
B -0.30 0.43 -0.22 6.68 1.40 0.01
5 0.00 0.00 -0.16 -3.66 0.00 0.00
6 0.00 0.58 0.00 8.99 0.00 -0.01
7 0.22 0.11 0.16 1.66 =1.05 -0.01
8 0.00 0.43 0.12 9.42 0.00 -0.01
6 8 0.00 0.78 0.00 16.72 0.00 0.00
2 0.00 0.10 0.00 2.17 0.00 0.00
3 0.00 -0.16 0.00 -3.34 0.00 0.00
& =033 ~0.43 0.22 -9.23 0.90 0.00
5 0.00 0.00 -0.26 -6.18 0.00 0.00
‘6 (DL+Lr) 0.00 0.88 0.00 18.89 0.00 0.00
“AOL+SELS) 0.10 1.02 -0.16 21.97 =-0.67 =0.01
8 0.00 0.70 0.20 19.68 0.00 -0.01

kkkkkkkkkkkkkx* END OF LATEST ANALYSIS RESULT k%% %%k %%k kk*kkk*

68. LOAD LIST 1 TO 5
69. PRINT JOINT DISPLACEMENTS LIST 3 4



M-, P13 oF 192

STEARNS-ROGER DIV.J TRANSFORMATION OF COORDINATES PROGRAM
‘ DATE 01-10-1995
TIME 08:22:39

VERTICAL VESSEL FURNACE #1- WEST POT
--------------- JoinT ¥¢ -LoAaD #*G

(OLrLL)
NOZZLE ORIENTATION = 326.60 DEG ﬁ”E!! w“"' Nar BE Cﬁ-—(u{-/’ _.CD
PIPING LOADS : FOR THIS cAE.
FXO0 = 0.00 LBS  MXO =  1574.17 FT-LBS LWW—V Ane Lo,
FYO = 880.00 LBS  MYO = 0.00 FT-LBS
F20 = 0.00 LBS W20 = 0.00 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

P (2)
VC(X)

VL(Y)

0.00 IN-KIPS
-15.77 IN-KIPS
-10.40 IN-KIPS

0.00 KIPS MC(Y)
0.00 KIPS ML(X)
0.88 KIPS NT(2)




M-1ol, 17 14 o [1Z

STEARNS-ROGER DIV.§ TRANSFORMATION OF COORDINATES PROGRAM

' DATE 12-14-1994
TIME 11:54:27

FURNACE *1 - WesST Por- | 5ass
VERTICAL VESSEL J-OINT #6 - LaﬁD #7

L+ selsmic)
NOZZLE ORIENTATION = 326.68 DEG
PIPING LOADS :
FX0 = 100.00 LBS MX0 = 1830.83 FT-LBS
FYO = 1020.00 LBS MYO = -55.83 FT-LBS
FZ0 = -160.00 LBS MZ20 = -0.83 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN
SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG
ROTATED AND/OR TRANSLATED LOADS :

P (2)
VC(X)

VL(Y)

-0.67 IN-KIPS
-18.36 IN-KIPS
-12.06 IN-KIPS

0.08 KIPS MC(Y)
-0.17 KIPS ML(X)
1.02 KIPS MT(2)




L [5or/

FORM 5007 REV. 4/91
ww GENERAL CALCULATION SET NO REV| COMP BY | CHK'D BY
Conshruclors s
f'.,,.,_m COMPUTATION NT-10/ Mlounrz C7AHT
SHEET PRELIM | FINAL VOID 0 DATE DATE
. 2/15/74 |I/254=
prROVECT _FMC, CORE - -
DATE DATE
susseet Seumry Por Pume Brackers o 9253.09
Furnace ¥2 -EAST PoT FURNAcE ¥Z-EA45T
sne =, & 280
e S 0((,39-180"- 22.89°= 152.11°
- oNi4)=[80°+22.49° = 202.81°
@ \
i .
’4Il
i A i S—
14"
¥ (@)

Ler rHESE RUNS ESTACLISH NP7, THI: FOR ¢

Fukrngce ¥2 €asr Po7




r N
SLURRY POT PUMP BRACKET (FMCP-F4E) —PREE NETHo—
* FURNACE (@) - EAST SLURRY POT
MA1OI, 216 o] 92

. SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE = SPACE
|

JOINT LOAD FORCE-X FORCE-Y  FORCE-Z MOM-X MOM-Y MOM 2
13 1 0.02 0.65 0.00 -15.04 0.01 -0.42
2 0.00 0.08 0.00 -2.35 0.00 -0.06

3 0.00 -0.13 0.00 3.01 0.00 0.08

4 -0.24 -0.54 0.46 -34.58 -0.05 -1.83

5 0.00 0.00 -0.22 7.46 -0.01 0.00

6 0.02 0.73 0.00 -17.39 0.01 -0.49

7 0.20 0.99 -0.35 12.40 0.04 1.00

8 0.01 0.59 -0.16 -7.94 0.00 -0.38

14 1 -0.02 0.89 0.00 -20.28 -0.02 0.11
2 0.00 0.12 0.00 -3.25 0.00 0.01

3 0.00 -0.18 0.00 4.06 0.00 -0.02

4 -0.28 0.54 -0.46 34.58 0.02 -6.52

5 0.00 0.00 -0.31 14.83 0.02 -0.02
~6fuse)~=0,02 ~- 71,02 "~ 0.00 ~ =23.54 -0.02 0,11

7 (oeesers)  0.20 0.40 0.35 ~ =-44.19 -0.03 4.99

=0.01 0.80 -0.23 =7.13 0.00 0.08

kkkkkkkkkkkkk* END OF LATEST ANALYSIS RESULT **kkkkkkkkkkkk

78. LOAD LIST 6 TO 8
79. PRINT JOINT DISPLACEMENTS




M0, £ 17 oF 192

STEARNS-ROGER DIV.§ TRANSFORMATION OF COORDINATES PROGRAM
‘ DATE 12-15-199%
TIME 15:36:38

Furnace *2 - East Por
Jonvr ¥14 - Loro

VERTICAL VESSEL

(DL +LL)
NOZZLE ORIENTATION = 202.80 DEG
PIPING LOADS : \:
FX0 = -20.00 LBS MX0 = -1961.67 FT-LBS ’
FYO = 1020.00 LBS MYO = -1.67 FT-LBS
F20 = 0.00 LBS M20 = 9.17 FT-LBS '

TRANSLATION OF ROTATED LOADS = 0.00 IN

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

P (2) = 0.01 KIPS MC(Y) = -0.02 IN-KIPS
VC(X) = -0.02 KIPS ML(X) = -21.66 IN-KIPS
VL(Y) = 1.02 KIPS MT(Z) = 9.22 IN-KIPS




STEARNS-ROGER DIV.§ TRANSFORMATION OF COORDINATES PROGRAM

DATE 12-15-1994
TIME 15:38:43

Furnace *2- Eqasr Por
VERTICAL VESSE Jon 7 #14 - Loap %7

oL +ser5miIc)
NOZZLE ORIENTATION = 202.80 DEG
PIPING LOADS :
FX0 = 200.00 LBS MX0 = -3682.50 FT-LBS
FYO = 400.00 LBS MYO = -2.50 FT-LBS
F20 = 350.00 LBS MZ20 = 415.83 FT-LBS
TRANSLATION OF ROTATED LOADS = 0.00 IN
SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG
ROTATED AND/OR TRANSLATED LOADS :
P (2) = 0.25 KIPS MC(Y) = -0.03 IN-KIPS
VC(X) = 0.32 KIPS ML(X) = -38.80 IN-KIPS

VL(Y) = 0.40 KIPS MT(2) 21.72 IN-KIPS

M-I, £ 18 oF 192



FORM 5007 REV. 491 £/ oF 192

ll il lm GENERAL CALCULATION SET NO REV| COMP BY CHK'D BY
?W COMSP:ETQ-IT IO pns{;//{ﬁ{ VvOID 0 %‘#ﬂjﬁrﬁ
(25 /ay |{25/4s
PROJECT F M C.- CQW? SHEET OF DATE DATE
sussect SLURRY Por Pume BQHG&E_TS 0o 935300/
FURNAcE #Z- WESTPOT. FURNACE P2-WEST
P

// e
] \

0.438" | s: —
> =

© [
()
I1.563" \/ /
| © g 1988 oo 10.85°

\P_/)/ 36”

SING = [1523" ¢ = 1873°
, 3"
P -2c0°-18.73° = 241.27°

f
—




SLURRY POT PUMP BRACKET (FMCP-F2W) A G B NS
* FURNACE NO 2 - WEST POT M‘/Ol PZO GF/?Z
) .

‘ SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE = SPACE

JOINT LOAD FORCE-X FORCE-Y  FORCE-Z MOM-X MOM-Y MOM 2
1 1 0.00 0.48 0.00 8.35 0.00 0.00
2 0.00 0.10 0.00 1:78 0.00 0.00

3 0.00 -0.10 0.00 -1.67 0.00 0.00

4 -0.21 0.43 -0.22 753 1 X7 0.01

5 0.00 0.00 -0.16 -3.66 0.00 0.00

6 0.00 0.58 0.00 10.12 0.00 0.00

7 0.16 0.11 0.17 1.86 -0.87 -0.01

8 0.00 0.43 0.12 10.26 0.00 0.00

6 1 0.00 0.78 0.00 13.62 0.00 0.00
2 0.00 0.10 0.00 1.77 0.00 0.00

3 0.00 -0.16 0.00 -2.72 0.00 0.00

4 -0.21 -0.43 0.22 -7.53 1.17 0.00

5 0.00 0.00 -0.26 -6.19 0.00 0.00

6 (DL+LL) 0.00 - 0.88 - 0.00 15.40 0.00 0.00

T L) 0.16 1.02 -0.17 __ 17.91 _ =0.87 0.00

8 0.00 0.70 0.20 16.90 0.00 0.00

kxkkkkkkkkkkkk* END OF LATEST ANALYSIS RESULT **kkkkkkkkkikkk

68. LOAD LIST 1 TO 5
69. PRINT JOINT DISPLACEMENTS LIST 3 4




M-101, B2/ o2
STEARNS-ROGER DIV.§ TRANSFORMATION OF COORDINATES PROGRAM

DATE 12-15-1994
TIME 08:53:12

FurNnAcCE ¥2 -WEST PoT
o e HORNAZE 0 - WEST
(DL +s€13)

NOZZLE ORIENTATION = 341.27 DEG

PIPING LOADS :

FX0 = 160.00 LBS MX0 = 1492.50 FT-LBS__ 17910/12
FYO = 1020.00 LBS MYO = -72.50 FT-LBS -8720/1Z2
F20 = -170.00 LBS MZ0 = 0.00 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN
SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

P (2) = 0.11 KIPS MC(Y) = -0.87 IN-KIPS
VC(X) = -0.21 KIPS ML(X) = -16.96 IN-KIPS
VL(Y) = 1.02 KIPS MT(2) = -5.75 IN-KIPS




STEARNS-ROGER DIV.Y TRANSFORMATION OF COORDINATES PROGRAM

VERTICAL VESSEL

NOZZLE ORIENTATION = 341.27 DEG

PIPING LOADS :

FX0 = 0.00 LBS MX0 =

FYO = 880.00 LBS MYO =

F20 = 0.00 LBS M20 =
TRANSLATION OF ROTATED LOADS = 0.00 IN

SECONDARY ROTATION AROUND HORIZONTAL =

ROTATED AND/OR TRANSLATED LOADS :

P (2) = 0.00 KIPS MC(Y) =
VC(X) = 0.00 KIPS ML(X) =
VL(Y) = 0.88 KIPS MT(2) =

DATE 12-15-1994
TIME 14:26:37

Furnace ¥ 2 -wesr por
JoInT #¥G - Lomo ¥C

(oL+LL)

1283.33 FT-LBS
0.00 FT-LBS
0.00 FT-LBS

0.00 DEG

0.00
-14.58
-4.95

IN-KIPS
IN-KIPS
IN-KIPS

M-jo1, P 22 o 192




FORM 5007 REV. 491

LZ3 ar 192

i GENERAL CALCULATION SET NO Rev| comp BY | cHk'D BY
SHEET PRELM | FINAL | voD | O DATE DAT
1245/ Yohis
proveCT _ FIMC, CorP
SHEET OF — —
sussect SLURRY Por Purp [Brac<ers |swo 925700

FURNACE #¥3 - EAST POT

FURNACE #3-EAST

»

4>Z

nxv
CwW=&) #
@,//\
19.913" ;’/ \
i |
2.182"
®

N

SING-= 1983  ©-=23.39°
3¢

SINg = 2.122°
36"

¢'= 360°% 3.48°: 356.52°

”

@ =3.48°




o
e SLURRY POT PUMP BRACKET (FMCP-F3E) ———4¥gﬁ}4ﬂ},§q.1!

* FURNACE NO 3 - EAST POT M-101, P24 or]?Z

SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE = SPACE

‘ JOINT LOAD FORCE-X FORCE-Y FORCE-Z MOM-X MOM-Y MOM Z
1 1 0.00 0.78 0.00 16.14 0.00 0.00
p 2 0.00 0.10 0.00 2.10 0.00 0.00
3 0.00 -0.16 0.00 -3.23 0.00 0.00
4 -0.14 0.43 -0.22 8.91 0.94 0.00
5 0.00 0.00 -0.26 -6.19 0.00 0.00
-6 0.00 0.88 0.00 18.23 0.00 0.00
7 -0.10 1.02 -0.16 21.20  0.71 _ o0.01
8 0.00 0.70 0.20 19.16 0.00 0.01
6 1 0.00 0.48 0.00 7.52 0.00 0.01
2 0.00 0.10 0.00 1.60 0.00 0.00
3 0.00 -0.10 0.00 -1.50 0.00 0.00
4 -0.29 -0.43 0.22 -6.78 137 0.01
5 0.00 0.00 -0.16 -3.66 0.00 0.00
6 0.00 0.58 0.00 9.13 0.00 0.01
7 -0.22 0.11 0.16 1.68 1.03 0.01
8 0.00 0.43 0.12 9.52 0.00 0.01

kkkkkkkkkkkkkk END OF LATEST ANALYSIS RESULT %% % % % % % % % % % % % %

68. LOAD LIST 1 TO S
69. PRINT JOINT DISPLACEMENTS LIST 3 4




M’/O/) /0,2,5'0,4— /QZ

STEARNS-ROGER DIV.§ TRANSFORMATION OF COORDINATES PROGRAM

DATE 12-15-1994

TIME 09:41:53
FurnAce ¥3-EAST PoT
VERTICAL VESSEL JO!NT #-1 - LOH.D #7

(DL + selsmic)

NOZZLE ORIENTATION = 33.39 DEG

PIPING LOADS :
FX0 = -100.00 LBS MX0 = 1766.67 FT-LBS
FYO = 1020.00 LBS MYO = 59.17 FT-LBS
F20 = -160.00 LBS MZ20 = 0.00 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

0.71 IN-KIPS
-17.70 IN-KIPS
11.67 IN-KIPS

P (2) = 0.08 KIPS MC(Y)
VvC(X) 0.17 KIPS ML(X)
VL(Y) 1.02 KIPS MT(2)



STEARNS-ROGER DIV.§ TRANSFORMATION OF COORDINATES PROGRAM

DATE 12-15-1994
TIME 14:30:57

FURNACE #3 - EAst Por
VERTICAL VESSEL JOINr #1 - Lo,qo *é

DL +LL)
NOZZLE ORIENTATION = 33.39 DEG

PIPING LOADS :

FX0 = 0.00 LBS MX0 = 1519.17 FT-LBS
FY0 = 880.00 LBS MYO = 0.00 FT-LBS
F20 = 0.00 LBS MZ0 = 0.00 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

P (2) = 0.00 KIPS MC(Y) = 0.00 IN-KIPS
VC(X) = 0.00 KIPS ML(X) = -15.22 IN-KIPS
VL(Y) = 0.88 KIPS MT(Z) = 10.03 IN-KIPS

M-101, P26 o 192




/?2701—‘/4

FORM 5007 REV. 491
&|' i .E I’-“eers GENERAL ;:jULA/TIOONS/ET NO REV COMP BY ;;K; BY
COMPUTATION - il € |
e s g SHEET PRELIM | FINAL | voD | O MDATE R 'DA—;’¢
12/isiay | I/25/45T
proECT __ FIMIC  CORRP
SHEET oF DATE DATE
sussect SLURRY POT PUMP BRACKETS o 9752 o/
FURNACE #3 -WEST PoT FURNACE #3-WeEST
" x,,
e @) T
Q
17.188" / | )
| :) = %,
— ——
493" | /
'._1 4

Sivg = %5(2—3 ¢= 7.08°

P'= 260%748° = 352.22°




SLURRY POT PUMP BRACKET (FMCP-F3W) —RAGE— NG s
* FURNACE NO 3 - WEST POT M-101, P28 or 132

SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE = SPACE

JOINT LOAD FORCE-X FORCE-Y FORCE-2Z MOM-X MOM-Y MOM 2
1 1 0.00 0.48 0.00 9.78 0.00 0.00
2 0.00 0.10 0.00 2,07 0.00 0.00

3 0.00 -0.10 0.00 -1.96 0.00 0.00

4 -0.15 0.43 -0.22 8.80 0.98 0.01

5 0.00 0.00 -0.16 -3.65 0.00 0.00

6 0.00 0.58 0.00 11.85 0.00 0.00

7 (D) 0,11 0.75 -0.17 15.40 0.73 0.00

8 0.11 0.11 0:17 2.20 -0.73 0.00

9 0.00 0.43 0.12 11.54 0.00 0.00

6 1 0.00 0.78 0.00 12.47 0.00 0.00
2 0.00 0.10 0.00 1.63 0.00 0.00

3 0.00 -0.16 0.00 -2.49 0.00 0.00

4 -0.28 -0.43 0.22 -6.89 1.37 0.01

5 0.00 0.00 -0.26 -6.20 0.00 0.00

6 (OLFLLY"0.00 " 0.88 ~-10:00 14.10 0.00 0.00

7 -0.21 0.38 0.17 6.05 1.03 0.01

8 (bLigers) 0.21 1.02 -0.17 16.39 -1.03 0.00

g 0.00 0.70 0.20 15.87 0.00 0.00

kkkkkkkkkkkkk* END OF LATEST ANALYSIS RESULT %% %% %% % % % % &k k%

70. LOAD LIST 1 TO 5
‘ 71. PRINT JOINT DISPLACEMENTS LIST 3 4



M'/ﬂ/) P29 or |92

STEARNS-ROGER DIV.Y TRANSFORMATION OF COORDINATES PROGRAM
. DATE 12-15-1994 u
TIME 14:41:29 E

F 2
- (7
o e - - PUREAEE, 75 JIUESL PO

OL+LL)

NOZZLE ORIENTATION = 352.32 DEG

PIPING LOADS :
FX0 = 0.00 LBS MX0 = 1175.00 FT-LBS
FYO = 880.00 LBS MYO = 0.00 FT-LBS
F20 = 0.00 LBS M20 = 0.00 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

P (2) = 0.00 KIPS MC(Y) = 0.00 IN-KIPS
VC(X) = 0.00 KIPS ML(X) = -13.97 IN-KIPS
VL(Y) = 0.88 KIPS MT(2) = -1.88 IN-KIPS




M-Iol, P30 o |9Z

STEARNS-ROGER DIV.J TRANSFORMATION OF COORDINATES PROGRAM

VERTICAL VESSEL

NOZZLE ORIENTATION = 352.32 DEG

PIPING LOADS :
FX0 = 210.00 LBS MX0 = 1365.83 FT-LBS
FYO = 1020.00 LBS MYO = -85.83 FT-LBS
F20 = -170.00 LBS MZ0 = 0.00 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

-1.03 IN-KIPS
-16.24 IN-KIPS
-2.19 IN-KIPS

P(2) = 0.14 KIPS MC(Y)
VC(X) -0.23 KIPS ML(X)
VL(Y) 1.02 KIPS MT(2)

DATE 12-15-1994
TIME 11:21:15

FurNAce #3- WEST PoT
JonT#6 - LoaD * &
(DL +s€IsMIC)



STEARNS-ROGER DIV.§ TRANSFORMATION OF COORDINATES PROGRAM M—/g/) P32 o 192
‘ DATE 12-15-1994
TIME 11:16:51
Furnace #3 - WesT Por

VERTICAL VESSEL JoinT ¥1 - LoAap *7
(DL + s€lsmIC)

NOZZLE ORIENTATION = 28.52 DEG

PIPING LOADS :
FX0 = -110.00 LBS MX0 = 1283.33 FT-LBS
FYO = 750.00 LBS MYO = 60.83 FT-LBS
F20 = -170.00 LBS MZ0 = 0.00 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN

SECONDARY ROTATION AROUND HORIZONTAL =  0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

P(2) = 0.10 KIPS MC(Y) = 0.73 IN-KIPS
VC(X) = 0.18 KIPS ML(X) = -13.53 IN-KIPS
VL(Y) = 0.75 KIPS MT(2) = 7.35 IN-KIPS




FORM 5007 REV. 491

2220112

o<03) =/go°-2/./7 °= 158.83°
K= 180%2117°= 201.17°

W)

United Engineers GENERAL CALCULATION SET NO Rev| cowmp ey | cHkD BY
& Consiruclors COMPUTATION NM-1O/ MG 7 A,
e B SHEET PRELM | FINAL | voD | O [ “pare DATE
Uiy | e
prROJECT _F N 7C . CORP i - __ _
sussect SLLRRY Por Pume [Bracwers o 9252 ool
FURNACE #4- FAST POT FurnAce * 4- EAST
_ /3" —
Sne= 5=,  &=21/7




-

SLURRY POT PUMP BRACKET (FMCP-F4E) e
* FURNACE 4 - EAST SLURRY POT M-101, 72 33 0e/92

. SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE = SPACE

JOINT LOAD FORCE-X FORCE-Y FORCE-Z MOM-X MOM-Y MOM Z

13 1 0.02 0.65 0.00 -15.04 0.01 -0.42

2 0.00 0.08 0.00 =2.35 0.00 -0.06

3 0.00 -0.13 0.00 3.01 0.00 0.08

4 -0.24 -0.54 0.46 -34.58 -0.05 -1.83

5 0.00 0.00 -0.22 7.46 -0.01 0.00

6 0.02 0.73 0.00 -17.39 0.01 -0.49

7 0.20 0.99 -0.35 12.40 0.04 1.00

‘ 8 0.01 0.59 -0.16 ~7.94 0.00 -0.38
| 14 1 -0.02 0.89 0.00 -20.28 -0.02 0.11
| 2 0.00 0.12 0.00 -3.25 0.00 0.01
| 3 0.00 -0.18 0.00 4.06 0.00 -0.02
| 4 -0.28 0.54 -0.46 34.58 0.02 -6.52
| 5 0.00 0.00 -0.31 14.83 0.02 -0.02
= 6 (OLHL) =0.02 I 71002770 0,00 - =23.54 -0.02 0.11

. I(DL+zs) 0.20 0.40 0.35 -44.19 -0.03 4.99

\ 8 0. 01 .80 =0.23 ~7.13 0.00 0.08

kkkkkkkkkkkkkkx END OF LATEST ANALYSIS RESULT #*kxkkkkkkkkkkk

78. LOAD LIST 6 TO 8
79. PRINT JOINT DISPLACEMENTS




M-101, 2 34092

STEARNS-ROGER DIV.§ TRANSFORMATION OF COORDINATES PROGRAM
. DATE 12-15-1994
TIME 14:52:15

FurRNACE ¥4 - East Por
JownT ¥ 14 - Loro ¥ G

(DLrLL)

VERTICAL VESSEL

NOZZLE ORIENTATION = 201.17 DEG

PIPING LOADS :

FX0 = -20.00 LBS MX0 = -1961.67 FT-LBS
FYO = 1020.00 LBS MYO = -1.67 FT-LBS
F20 = 0.00 LBS MZ0 = 9.17 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN
SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG
ROTATED AND/OR TRANSLATED LOADS :

. P (2)
VE(X)

VL(Y)

0.01 KIPS MC(Y) = -0.02 IN-KIPS
-0.02 KIPS ML(X) = -21.91 [IN-KIPS
1.02 KIPS MT(Z) = 8.60 IN-KIPS



MHOI, A 35 o< 192

STEARNS-ROGER DIV.§ TRANSFORMATION OF COORDINATES PROGRAM
. DATE 12-15-1994
TIME 14:57:26

Furnace ¥4 - East Pot
VERTICAL VESSEL JON\JT #14 - LoAaD # 7

------------ - (Dz_ +SeElsmIC)

NOZZLE ORIENTATION = 201.17 DEG

PIPING LOADS :

FX0 = 200.00 LBS MX0 = -3682.50 FT-LBS
FYO = 400.00 LBS MYO = -2.50 FT-LBS
F20 = 350.00 LBS MZ0 = 415.83 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN
SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG
ROTATED AND/OR TRANSLATED LOADS :

‘ P (2)
VC(X)

VLCY)

-0.03 IN-KIPS
-39.41 IN-KIPS
20.61 IN-KIPS

0.25 KIPS MC(Y)
0.31 KIPS ML(X)
0.40 KIPS MT(2)



£3¢0c/9.

mw GENERAL CALCULATION SET NO REV COMP BY CHK'D BY
& Construclors COMPUTATION NM-10/ M Guy -\ C T Bt
ARaytheen Company SHEET PRELIM | FINAL vOID 0 DATE omef
127524\ \fes/s
prOECT  FIMC. CORP - o - =
sussect SLURRY O T Purme [RRACETS 0 9325200/
FURNACE # 4 - WEST PoT i FURNAcE #d- WEST
X
CW+)
, T
/ 0)
9 3,
/ 14.18" L
— s e
293"\ /
e ———
| © 14.188"
_/ Sne = Zo— 6232
Sing = 222 p-izs3°

@'=3c0% 12.53° =347.47°




SLURRY POT PUMP BRACKET (FMCP-F4W) R o R Sy
* FURNACE NO 4 - WEST POT M-10/ B30 o 192
/ v

‘ SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE = SPACE

JOINT LOAD FORCE-X FORCE-Y  FORCE-Z MOM-X MOM-Y MOM Z
1 1 0.00 0.48 0.00 10.75 0.00 0.00
2 0.00 0.10 0.00 2.27 0.00 0.00
3 0.00 -0.10 0.00 -2.15 0.00 0.00
4 -0.19 0.42 -0.26 9.64 1.42 0.01
5 0.00 0.00 -0.16 -3.66 0.00 0.00
6 0.00 0.58 0.00 13.02 0.00 0.00
7 (esamgd-0.14 0.75 -0.20 16.91 1.07 0.00
8 0.14 0.12 0.20 2.44 -1.07 =001
9 0.00 0.44 0.12 12.42 0.00 0.00
6 1 0.00 0.78 0.00 15.96 0.00 0.00
2 0.00 0.10 0.00 2.08 0.00 0.00
3 0.00 -0.16 0.00 -3.19 0.00 0.00
4 -0.24 -0.42 0.26 -8.79 1.62 0.01
B 0.00 0.00 -0.26 -6.19 0.00 0.00
“6(DerLl) ~0.00 0 88°7"T*>0,00 18,03 0.00 0.00
7 -0.18 0.38 0.20 T 17 121 0.01
8 (Bursey) 0.18 1.02 -0.20 20.96 -1.21 -0.01
9 0.00 0.70 0.20 19.01 0.00 0.00

kkkkkkkkkkkkkk END OF LATEST ANALYSIS RESULT *k*kkkkkkkkkkk

. 70. LOAD LIST 1 TO 5
71. PRINT JOINT DISPLACEMENTS LIST 3 4




M-lol P 38 oF19Z

STEARNS-ROGER DIV.Y TRANSFORMATION OF COORDINATES PROGRAM

DATE 12-15-1994
TIME 11:54:16

FurnAce #Y4 - WesT Por
VERTICAL VESSEL Jowr #| - Loap #7
(DL +.)’E/Jm:¢)

NOZZLE ORIENTATION = 23.21 DEG

PIPING LOADS :

FX0 = -140.00 LBS MX0 = 1409.17 FT-LBS
FY0 = 750.00 LBS MYO = 89.17 FT-LBS
F20 = -200.00 LBS MZ20 = 0.00 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

P (2) = 0.13 KIPS MC(Y) = 1.07 IN-KIPS
VC(X) = 0.21 KIPS ML(X) = -15.54 IN-KIPS
VL(Y) = 0.75 KIPS MT(2) = 6.66 IN-KIPS



M-101, B 39 oF 1%

STEARNS-ROGER DIV.§ TRANSFORMATION OF COORDINATES PROGRAM
. DATE 12-15-1994
TIME 14:46:18

VERTICAL VESSEL FURNACE #4' -WEsT PoT
JoimT ¥ G - Loap *6

--------------- DL +LL)

NOZZLE ORIENTATION = 347.47 DEG

PIPING LOADS :
FX0 = 0.00 LBS MX0 = 1502.50 FT-LBS
FY0 = 880.00 LBS MYO = 0.00 FT-LBS
F20 = 0.00 LBS MZ20 = 0.00 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN
SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

. P(2) = 0.00 KIPS  MC(Y) = 0.00 IN-KIPS
veex) = 0.00 KIPS  ML(X) = -17.60 IN-KIPS
vLeY) = 0.88 KIPS  MT(Z) =  -3.91 IN-KIPS




M-lol £ 40 o 192

STEARNS-ROGER DIV.§ TRANSFORMATION OF COORDINATES PROGRAM
‘ DATE 12-15-199
TIME 11:58:49

FURNACE #4 - WEST Por
VERTICAL vEssH JoinT#*C - LoAD#* 8
OL +se1sMIC)

NOZZLE ORIENTATION = 347.47 DEG

PIPING LOADS :
FX0 = 180.00 LBS MX0 = 1746.67 FT-LBS
FYO = 1020.00 LBS MYO = -100.83 FT-LBS
F20 = -200.00 LBS MZ0 = -0.83 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

P (2) = 0.16 KIPS MC(Y) = -1.21 IN-KIPS
VC(X) = -0.22 KIPS ML(X) = -20.46 IN-KIPS
VL(Y) = 1.02 KIPS MT(2) = -4.54 IN-KIPS




FORM 5007 REV. 4/91 34/ oF | 4

! Firowtce ¥1=EAST POT S

CALCULATION SET NO REV| COMP BY | CHKD BY

Raytheon GENERAL
Encihers & Constructors  COMPUTATION NM-107 WL Gere| C. 7Kl
SHEET PRELIM | FINAL VOID 0 DATE DATE

1226 A\/25/45

PROJECT FMC CoRP
SHEET OF DATE DATE
sussect SLuery [Br Fume (BRACKETS o 9253,00/

.

3

W\——.
Jowr #1 -LoAD *8 (DL + selsmnc)

*‘{'¥\/V\

N— CRITICAL . OAD CopNDITION-MIN, THI<.= 0. 290"

JonT *L -LoAD *&  (DL+LL)
3/a” rHic sHELL 1S O
y
250" rHikc swell 1S MINIMUM ALULawABLE @
Max. Merigrave STress CircomsF)
287ps1 + 1[579 ~st = /1,866 pst < 1.1x 18700 = 15770 Fst

Moax. Sureace STrRESS Cona!T)
| ¢4 /51 + 385,29 = 38440rs1 % 3.0xI2700 = 38/90 1

— o TN TN e TN M

38" rurmw. SHECL IS OK
0.290 " rHk. SHELL 1S nmuNIimuvng ALLowABLE ¢
NNAx. NMEmBRANE STRELS (Circuwnk)
247 pst + 9836 ast - 225rst = 9758 st <1,/ x12]00 = 13,970 Psl v
-325m— 9826 PSI = - /061 Pst A
Mhx. Sorence STress [onerr) ’
38,023 p51= —38,023ps1 < 3.0x12700 = 35,/00/
T I U S VS W (e
JowT ¥ -coap 7 oursersme)
3" THK. SHELL 1S O
O. 240" rtii: SHELL IS nitimue? ALLoOw/ABLE ;
Max. Memarane STress (CiRcuormrF)
29G ps) +11,030¢r0 40765 = /0,922Ps1 </.Ix12700 = 13,970 ps1 ~

\

- 1/, 030e¢si - do7p0 = -1, 42 2ps1 A
Miax. Soreeace JTrEL (LONGIT,) I}

- 37,8470s1 =-32,647ps) < 3.Ox1G00 =38,/00¢s/

/"\/‘”

AppoLiesr To FURNACE *1 EAST € WEST Porl
FURNAE #2 WEST Po7T
FURNACE #3 EAST #WEST Por




Ld4Zor/92

FORM 5007 REV. 491
.. n IE - e ers GENERAL CALCULATION SET NO ] REV COMP. BY CHK'D/BY
& COMPUTATION M- 101 M G oiral O7 5%
A Raytheon Company SHEET PRELIM | FINAL | « vOID 0 DATE DATE
12/ ¢/2 4 /2S/
provecT __ FIMC CORR e - - __
sussecT SLURRY ﬂ? z ﬁ/Mp 6PACKE s o 935300/
FURNACE ¥1- ERST POT 4 cw <+ AX’
0)
Tssi3 “
: 3 ="

13.188

B
pe N/

| ET THESE RUNS ESTAGLISH RN, THE FOR

N
“

SN © = gf/ &G=/4.17°

Swé = B 249"

G- 2c0-21.49 = 338.5/°

Furnpce * 1
FUrRNACE * 1
FURNAce # 2
FURNACE # 3
FURNAcE % 3

EAST PorT
WEST PoT
wesr pol”
EAST PoT
WEST POT




7

R

« SLURRY POT PUMP BRACKET (FMCP-F1E)

* FURNACE NO 1 - EAST POT M-1o], P 43 oF /192

SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE = SPACE

JOINT LOAD FORCE-X FORCE-Y FORCE-2Z MOM-X MOM-Y MOM Z
1 1 0.00 0.78 0.00 7. 7% 0.00 0.00
2 0.00 0.10 0.00 2.30 0.00 0.00
3 0.00 -0.16 0.00 -3.54 0.00 0.00
4 -0.23 0.42 -0.28 9.74 1.79 0.01
5 0.00 0.00 -0.27 -6.19 0.00 0.00
'sgmitg) 0.00 0.88 0.00 20.01 0.00 0.00
> (DLFS€1S) 0.17 0.38 0.21 8.63 -1.34 -0.01
g - —=0.17 - 1,02 - =0.21 23,28 1.34 _ 0.01
9 W 0.00 0.70 0.20 20.58 0.00 0.00
6 1 0.00 0.49 0.00 11.60 0.00 0.00
2 0.00 0.10 0.00 2.45 0.00 0.00
3 0.00 -0.10 0.00 -2.32 0.00 0.00
4 -0.20 -0.42 0.28 -10.38 1.64 0.01
5 0.00 0.00 -0.16 -3.66 0.00 0.00
6bOL+LL) 0.00 0.59 0.00 14.05 0.00 0.00
7(DL+sels) 0.15 0.76 -0.21 18.23 -1.23 0.00
8 L -0.15 I E) 0.21 2.66 1.23 0.01
9 0.00 0.44 0.12 13.19 0.00 0.00

kkkkkkkkkkkxkkx END OF LATEST ANALYSIS RESULT **kxkkkkkkkkkxkx

70. LOAD LIST 1 TO 5
. 71. PRINT JOINT DISPLACEMENTS LIST 3 4




M-101, P £4oF/92

STEARNS-ROGER DIV.§ TRANSFORMATION OF COORDINATES PROGRAM

’ DATE 12-15-1994

TIME 14:09:59

Furnace # |- East Por
VERTICAL VESSEL JoINT #| < LopD *&

-------------- - (DL+LL) 51 1Sm € 3,95

NOZZLE ORIENTATION = 14.17 DEG

PIPING LOADS :
FX0 = 0.00 LBS MX0 = 1667.50 FT-LBS
FYO = 880.00 LBS MYO = 0.00 FT-LBS
F20 = 0.00 LBS M20 = 0.00 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

P (2) = 0.00 KIPS MC(Y) = 0.00 IN-KIPS
VC(X) = 0.00 KIPS ML(X) = -19.40 IN-KIPS
VL(Y) = 0.88 KIPS MT(2) = 4.90 IN-KIPS




PRESSURE VESSEL DESIGN PRO CORP.

HOUSTON TX

‘mmﬁﬁmt'”Qtt.'i'i""t“m.“Qm“'.i“.t"t".itttﬁ“'“"ﬁi

CUSTOMER

P.0. NO.

ITEM NO.

DESIGNER

--= COMPUTATION OF LOCAL STRESSES ---

NAME : FMC CORP.
: 9353001
: F#1-EAST S/0 NO. : .375

: M.SCHULTZ DATE : 12-19-1994

e e i e e i e e e o e e vk s e e e e ol o e o e o ol o ol o o e o ok oo o o e ol e oo ol oo o e o ol o ol o ol e sl e ok e e e o e e e e e e e e o

--- Stresses in Cylindrical Shell ---

Attachment Mk. :JT1LD6

M.AM.P. : 2 psi.
Des. temp. : 100 deg. F

Vessel
Cyl. ID. = 71.25 in. Cyl. mean rad. : 35.8125 in. (corr.)
Cyl. thk. : .375 in. (¢ .375 in. (corr.))
terial : SA 36
Allow. stress : 12700 psi.
Attachment

Radial load P
Shear load Vc
Shear load Vi

Moment Mc
Moment ML
Moment Mt

0 in.-lb.
-19400 in.-lb.
4900 in.-lb.

Stress coefficient factors

Kn: 1 Kb : 1 Iv : 1

Cla : 16.4399 Cib : 16.78083 C2a : .218978 C2b : .1604909

C3 : 7.754372E-02 C4& : .1009 €5 : 7.252811 C6 : 2.568189E-02

Lla : 17.85809 L1b : 17.25823 L2a : .1679735 L2b : .1235527
‘LS : 3252309 Lé : .06 L5 : .6576346 L6 : 6.549262E-02

K1(Nf) = .91 K1(Nx) : 1.68 K1(Mf) = 1.76 K1(Mx) = 1.2

K2(Nf) : 1.48 K2(Nx) : 1.2 K2(Mf) : .88 K2(Mx) : 1.25

Ke(é) : 1.005836 Kc(Mf) : 1.278839 Kc(Mx) : 1.646668

Cc(Nf) = .15 Cc(Nx) : .44

M-101, P 45 o< 112



r-101, F ¢4 or 132

KLCE) = 1.334016 KL(Mf) : 2.069142 KL(Mx) : 1.198229
CL(NT) = .77 CL(NX) = .24




Item no. : F#1-EAST S/o no. : .375 M'/O/, i é70F 192

P e e e e e e e e e e b L et a bt it Attt L

| .emtric parameters
| TN gac o nt hennhnss e ®ense

| Gamma = Rm/T = 35.8125 / .375
=95.5

&1x = Cc/Rm = 1875 / 35.8125 = 5.235602E-03
&2x = Cl/Rm = 7.75 / 35.8125 = .2164049
éx = &1x/é2x = 5.235602E-03 / .2164049 = 2.419355E-02

&1 : 5.468157€-02 82 : 2.840488t-02 43 : 1.810228e-02
84 : .0231499 &5 : 6.258932E-02 86 : .1295062

Circumferential stresses :

Membrane due to P (&c1) = Kn(C1x)(P/(Rm(T)))
=1(CIx)(C0/ (35.8125 (¢ .375)) )
= 0 psi. ( 0 psi.)

Bending due to P (&c2) = Kb(C2x)(6(P)/(T"2))
=1(C2x)(6C0)/C.375"2))
= 0 psi. € 0 psi. )

Membrane due to Mc (&c3) = Kn(C3)(Mc/((Rm~2)(&)(T)))
1 ¢ 7.754372E-02 ) ( 0/ C ¢ 35.8125 " 2 ) (

1.810228£-02 ) ¢ .375 ) ) )
0 psi.
Bending due to Mc (&c4) = Kb(C4)(6(Mc)/((T 2)(Rm)(4)))
=1(.1009 ) C6C0)/ C(C.375"2) (35.8125 ) (

.0231499 ) ) )
= 0 psi.

Membrane due to ML (&c5) = Kn(C5)(ML/((Rm"2)(&)(T)))

=1 ( 7.252811 ) (-19400 / ( ¢ 35.8125 " 2 ) (
6.258932E-02 ) ( .375 ) ) )

=-4675 psi.

Bending due to ML (&cé) = Kb(CE)(6(ML)/((T 2)(Rm)(4)))

=1 ( 2.568189E-02 ) ( 6 (-19400 ) / ¢ ¢ .375 " 2 ) (
35.8125 ) ( .1295062 ) ) )

=-4584 psi.

Press. stress (&c7) = Dp(Rm)(Iv)/(T)
=2 (358125 ) (1) / ( .375 )

= 191 psi.
Stresses Au | Bu Bl Cu cl Du Dl
-&c 1 0 0 0 0 0 0 0 0
-éc 2 0 0 0 0 0 0 0 0
-éc 3 0 0 0 0 0 0 0 0
-&c 4 0 0 0 0 0 0 0 0
& 5 4675 ‘ 4675 ~4675 -4675 0 0 0 0
-4c 6 4584 -4584 -4584 4584 0 0 0 0
-dc 9259 91 -9259 -91 0 0 0 0




oo eeeommeeemmmmeseesssssseeeeesssssesssssseeeesssssseessssssssesssssssssesesssoossses rM-La)., LE&or 192 .

-dct %50 282 -9068 100 191 191 191 191




Item no. : F#1-EAST s/o no. : .375 M-101, P49 oF 122

mﬁmnﬁt"t*..t.ﬁ"‘.'i""“'mm.ti'i'.'."'i."....i..ﬁ..t'ﬁ

‘«-tric parameters

Gamma = 95.5
éx1 : 5.235602E-03
6x2 : .2164049

éx : 2.419355€-02

&1 : 4.241911E-02 &2 : 4.460884E-02 &3 : 1.810228€-02
&4 : 2.980845E-02 &5 : 6.258932E-02 86 : 7.499635E-02

Longitudinal stresses :

Membrane due to P (al1) = Kn(L1x)(P/(Rm(T)))
=1 (LIx) 0/ (¢ 35.8125 ¢ .375 ) ) )
= 0 psi. ¢ 0 psi. )

Bending due to P (4l2) = Kb(L2x)(6(P)/(T"2))
=1 (Ll2x)C6C0)/C.375"2))
= 0 psi. ( 0 psi. )

Kn(L3)(Mc/((Rm"2)(8)(T)))

1 .3252309 ) ( 0/ ¢ ( 35.8125 " 2 ) (
)

0 psi.

Membrane due to Mc (al3)

1.810228€-02 ) ¢ .375 )

‘ending due to Mc (&l4)

2.980845e-02 ) ) )

n o~ n

Kb(L4)(6(Mc)/((T"2)(Rm)(4)))
1¢.06)(6C0)/ C(.375"2) (35.8125 ) (

= 0 psi.

Membrane due to ML (&l5) = Kn(L5)(ML/((Rm"2)(&)(T)))

=1 ( .6576346 ) (-19400 / ( ( 35.8125 " 2 ) (
6.258932€-02 ) ( .375 ) ) )

=-425 psi.

Bending due to ML (4l6) = Kb(L6)(6(ML)/((T 2)(Rm)(4)))

=1 ( 6.549262E-02 ) ( 6 (-19400 ) / ¢ ¢ .375 "2 ) (
35.8125 ) ( 7.499635E-02 ) ) )

=-20185 psi.

Press. stress (4l7) = Dp(Rm)(Iv)/(2(T))
=2 (35.8125) (1) /(C2¢C.375)) |

= 96 psi. |
Stresses Au Al Bu Bl Cu cl Du Dl |
-3l 1 0 0 0 0 0 0 0 0 |
-3l 2 0 0 0 0 0 0 0 0 |
-8 3 0 0 0 0 0 0 0 0 |
-3l 4 0 0 0 0 0 0 0 0 |
-3l 5 425 425 -425 -425 0 0 0 0 i
‘M 6 20185 -20185 -20185 20185 0 0 0 0 |
-al 20610 -19760 -20610 19760 0 0 0 0 ’
-3p 96 96 % 96 9 9 9 96

Sc=20610 +96 = 20,706 <(3)(128709)




-alt

20706

-19664

-20514

19856

96

96

M-10I R 50 of |92
96




M-101, P51 oF 192

Item no. : F#1-EAST s/o no. : 375

Shear due to VI (&s1) = VL/(4(CL)(T))

=880/ (4 (C7.75)C.375))

= 76 psi.
Shear due to Vc (4s2) = Ve/(4(Cc)(T))

=0/C4(C .1875 ) (C .375) )

= 0 psi.
Shear due to Mt (4s3) = 0 psi.
Stresses Au Al Bu Bl Cu cl Du DL
-és 1 0 0 0 0 -76 -76 76 76
-4s 2 0 0 0 0 0 0 0 0
-ds 3 0 0 0 0 0 0 0
-ast 0 0 0 0 -76 -76 76 76

- When ast = 0

(comb.) = The larger of :
) éct

2) alt
3) alt - A&ct

- When ast <> 0

4 (comb.) = The larger of :

1) 0.5[alt+dct+Sqr.((Alt-Act) "2+4(ast"2))]
2) 0.5[dlt+dct-Sqr.((Alt-Act) 2+4(4st72))]

3) Sqr.((alt-dct) 2+4(ast™2)))

Stresses Au Al Bu Bl Cu cl Du DL




PRESSURE VESSEL DESIGN PRO CORP.
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HOUSTON TX

--= COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP.

P.0. NO. : 9353001

ITEM NO. : F#1-EAST S/0 NO. : .250

DESIGNER NAME : M.SCHULTZ
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--- Stresses in Cylindrical Shell ---

Attachment Mk. :JT1LDé

Cyl. ID. : 71.5 in.

Cyl. thk.
terial

: .25 in. ( .25 in. (corr.))
: SA 36

Allow. stress

Attachment

: 12700 psi.

Shape : Rectangular

¢ 7.75 in.
Cc : .1875 in.

Radial load P
Shear load Vc
Shear load VI

Moment Mc
Moment ML
Moment Mt

880 Lb.

0 in.-lb.
-19400 in.-lb.
4900 in.-lb.

Stress coefficient factors

Cla : 22.80354
C3 : 8.754589E-02 C4 : .1
Lla : 24.18951

.L3 : 6710563

K1(Nf)
K2(Nf)

Kc(é) = 9744348  Kc(Mf)

91
1.48

Cc(Nf) : .09

Kb : 1 Iv : 1
Clb : 24.10236 C2a : .2000007
C5 : 11.99788

L1b : 25.62597 L2a : .1442487

L4 : .06 L5 : .3234119
K1(Nx) : 1.68 K1(Mf) : 1.76
K2(Nx) : 1.2 K2(Mf) : .88

: 1.220256 Kc(Mx) : 1.531245
Cc(Nx) : .44

DATE : 12-19-1994

Cyl. mean rad. : 35.875 in. (corr.)

C2b :

L2b :

1472699
€6 : 1.950315€-02
.1043262

L6 : .0544575

K1(Mx)
K2(Mx)

1.2
1.25

M-10l,

P52or 192




M-101 PE3or)¥7

KLCE) : 1.396394 KL(Mf) : 2.051188 KLl(Mx) : 1.19129
CL(Nf) : .8 CL(NX) = .07




M-1o/

Gamma = Rm/T = 35.875 / .25
= 143.5

&1x = Cc/Rm = .1875 / 35.875 = 5.226481E-03
é2x = Cl/Rm = 7.75 / 35.875 = .2160279
éx = §1x/62x = 5.226481E-03 / .2160279 = 2.419355€-02

&1 : .0545863 &2 : 2.835539E-02 43 : 1.807074E-02
84 : 2.205094E-02 &5 : 6.248028E-02 86 : .1281588

Circumferential stresses :

Membrane due to P (&c1) = Kn(C1x)(P/(Rm(T)))
=1(¢CIx)(0/ (35875 (.25)))
= 0 psi. (0 psi.)

Bending due to P (&c2) = Kb(C2x)(6(P)/(T"2))
=1(C2x)(6(C0)/7(C.25°2))
=0 psi. (0 psi. )

Membrane due to Mc (&c3) = Kn(C3)(Mc/((Rm"2)(&)(T)))
=1 ( 8.754589E-02 ) ( 0 / ¢ ( 35.875 "2 ) (
1.807074E-02 ) ( .25 ) ) )

®

Bending due to Mc (&c4) = Kb(C4)(6(Mc)/((T 2)(Rm)(4)))
=1(.1)C6(¢C0)/7CC.25"2)(35.875)(
2.205094E-02 ) ) )

= 0 psi.

Membrane due to ML (&c5) = Kn(C5)(ML/((Rm"2)(&)(T)))

=1 ( 11.99788 ) (-19400 / ( ( 35.875 " 2 ) (
6.248028E-02 ) ( .25 ) ) )

=-11579 psi.

Bending due to ML (4cé) = Kb(CE)(E6(ML)/((T 2)(Rm)(4)))

=1 ( 1.950315E-02 ) ¢ 6 (-19400 ) / C ( .25 "2 ) (
35.875 ) ( .1281588 ) ) )

=-7901 psi.

Press. stress (&c7) = Dp(Rm)(1v)/(T)
=2 (35.875)(1)/7¢(¢.25)

= 287 psi.
Stresses Au Al Bu Bl Cu cl Du
-éc 1 0 0 0 0 0 0 0
-4c 2 0 0 0 0 0 0 0
-8c 3 0 0 0 0 0 0 0
-8c 4 0 0 0 0 0 0 0
‘-k 5 11579 11579 -11579 -11579 0 0 0
-4c 6 7901 -7901 -7901 7901 0 0 0
-&c 19480 3678 -19480 -3678 0 0 0
-&p 287 287 28 287 287 287 287

7
Sm=1,579+287 = [1,8¢6 <(I. 1)(2799) =13,970

R5Y oF |42
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-dct 19767 3965 -19193 -3391 287 287 287 287
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.eutric parameters

Gamma = 143.5

éx1 : 5.226481E-03
éx2 : .2160279
éx : 2.419355e-02

4.234521E-02 &2 : 4.453111E-02 43 : 1.807074E-02
2.767074E-02 &5 : 6.248028E-02 86 : 7.443215E-02

&1
&4

LTS

Longitudinal stresses :

Membrane due to P (&l1)

Kn(L1x)(P/(Rm(T)))
1CLIx) (0 / (35.875(.25)))
0 psi. ¢ 0 psi.)

Bending due to P (4l2) = Kb(L2x)(6(P)/(T72))
-1‘(L2x)(6(0)/(.25‘2))
= 0 psi. ( 0 psi. )

Membrane due to Mc (A&l3)

Kn(L3)(Mc/((Rm"2)(8)(T)))
1 ( .6710563 ) ( 0 / ( ¢ 35.875 ~ 2 ) ( 1.807074E-02

) (.25)))
= 0 psi.

‘ending due to Mc (&l4) = Kb(L4)(6(Mc)/((T 2)(Rm)(4)))

=1(.06)(6C0)/ C(.2572)(35.875) (

2.767074E-02 ) ) ) ’
= 0 psi.

Membrane due to ML (315) = Kn(L5)(ML/((Rm"2)(&)(T)))

=1 ( .3234119 ) (-19400 / ¢ ¢ 35.875 " 2 ) (
6.2480286-02 ) ( .25 ) ) )

=-313 psi.

Bending due to ML (&l6) = Kb(L6)(6(ML)/((T 2)(Rm)(&)))

=1 ( 0564575 ) ( 6 (-19400 ) / ¢ ¢ .25 ~ 2 ) ( 35.875
) ( 7.4432156-02 ) ) )

=-37983 psi.

Press. stress (4l7) = Dp(Rm)(Iv)/(2(T))
=2(35.875)(1)/7¢2¢C .25))

r = 144 pei.
Stresses Au Al Bu Bl Cu cl Du Dl
-4l 1 0 0 0 0 0 0 0 0
-al 2 0 0 0 0 0 0 0 0
-8l 3 0 0 0 0 0 0 0 0
-al 4 0 0 0 0 0 0 0 0
-4l 5 313 313 -313 -313 0 0 0 0
.tl 6 37983 -37983 -37983 37983 0 0 0 0
-al { 38296 -37670 -38296 37670 0 0 0 0
-dp 144 144 144 144 144 144 144 144

....................................................................................................................................

Sg= 36296 +14 4 = 35440 % (3) 12,709 = 34,100
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-alt 38440 -37526 -38152 37814 144 144 144 144
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Item no. : F#1-EAST $/0 no. : .250

.ur stresses :

Shear due to VL (&s1) = VL/(4(CL)(T))
880 / (&4 (7.75)(.25))
114 psi.

Shear due to Vc (8s2) = Vc/(4(Cc)(T))
0/C4C .1875) (C .25))

= 0 psi.

Shear due to Mt (&s3) = 0 psi.

Stresses Au Al Bu Bl Cu cl Du Dl
-4s 1 0 0 0 0 -114 -114 114 114
-ds 2 0 0 0 0 0 0 0 0
-és 3 0 0 0 0 0 0 0 0
-ast 0 0 0 0 -114 -114 114 114

- When st = 0

(comb.) = The larger of :
) dct

2) alt

3) alt - Act

- When dst < 0

& (comb.) = The larger of :

1) 0.5[alt+dct+Sqr.((Alt-dct) 2+4(dst"2))]

2) 0.5[alt+dct-Sqr.((Alt-dct) 2+4(dst™2))]
3) Sqr.((alt-dct) 2+4(ast"2)))
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STEARNS-ROGER DIV.Y TRANSFORMATION OF COORDINATES PROGRAM

DATE 12-14-1994

‘ TIME 08:52:01

Firvace *1- Easr Por -2%° (x5

A S Jowr %1, Loao ¥ 8 |
(DL+SESMIQ) S22 LlSy  £305m

NOZZLE ORIENTATION = 14.17 DEG

PIPING LOADS :

FX0 = -170.00 LBS  MX0 = 1937.50 FT-LBS 23,250/12
FYO = 1020.00 LBS MYO = 111.67 FT-LBS _ _1,340/12
F20 = -210.00 LBS MZ0 = 0.83F7-t8s__________10/12_

TRANSLATION OF ROTATED LOADS = 0.00 IN

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

P (2) = 0.16 KIPS  MC(Y) =  1.34 IN-KIPS
‘ VE(X) = 0.22 KIPS  ML(X) = -22.55 IN-KIPS
VLCY) = 1.02 KIPS  MT(Z) =  5.68 IN-KIPS
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX
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~=- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP.

P.0. NO. : 9353001

ITEM NO. : F#1-EAST S/0 NO. : .375

DESIGNER NAME : M.SCHULTZ DATE : 12-19-1994
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--- Stresses in Cylindrical Shell ---

Attachment Mk. : JT1LD8

Des. temp. : 100 deg. F
Vessel
Cyl. ID. : 71.25 in. Cyl. mean rad. : 35.8125 in. (corr.)

l. thk. : .375 in. ( .375 in. (corr.))
terial : SA 36

Allow. stress : 12700 psi.

Shape : Rectangular
Cl : 7.75 in.
: .1875 in.

Radial load P : 160 Lb.
Shear loed Vc : 220 Lb.
Shear load VL : 1020 Lb.
Moment Mc : 1340 in.-lb.
Moment ML :~22550 in.-lb.
Moment Mt : 5680 in.-lb.

Stress coefficient factors

Kn: 1 Kb : 1 Iv: 1

Cla : 16.4399 Cib : 16.78083 C2a : .218978 C2b : .1604909

C3 : 7.754372E-02 C4 : .1009 c5 : 7.252811 Cé6 : 2.568189E-02

Lia : 17.85809 L1b : 17.25823 L2a : .1679735 L2b : .1235527
.L3 s .3252309 L4 : .06 L5 : .6576346 L6 : 6.549262E-02

K1(Nf) : .91 K1(Nx) : 1.68 K1(Mf) = 1.76 K1(Mx) : 1.2

K2(Nf) : 1.48 K2(Nx) : 1.2 K2(Mf) : .88 K2(Mx) : 1.25

Kc(é) : 1.005836 Kc(Mf) : 1.278839 Kc(Mx) : 1.646668

Cc(Nf) : .15 Cc(Nx) : .44

M-101,
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KL(E) = 1.334016 KL(Mf) : 2.069142 KL(Mx) : 1.198229
CL(Nf) = .77 CL(NX) : .24
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Item no. : F#1-EAST S/o no. : 375

B e S 2 2 e i b bt bt bbbt bt bl bt

‘c-tric parameters

Gamma = Rw/T = 35.8125 / .375
= 95.5

&1x = Cc/Rm = 1875 / 35.8125 = 5.235602E-03
&2x = Cl/Rm = 7.75 / 35.8125 = .2164049
éx = &1x/é2x = 5.235602E-03 / .2164049 = 2.419355E-02

&1 : 5.468157E-02 62 : 2.840488E-02 &3 : 1.810228E-02
84 : 0231499 &5 : 6.258932E-02 86 : .1295062

Circunferential stresses :

Membrane due to P (&c1) = Kn(C1x)(P/(Rm(T)))
=1(CIx) (160 / ( 35.8125 ( .375 ) ) )
= 196 psi. ( 200 psi. )

Bending due to P (&c2) = Kb(C2x)(6(P)/(T"2))
=1(C2x)(6C160)/C.375"2))
= 1495 psi. ( 1096 psi. )

Membrane due to Mc (&c3) = Kn(C3)(Mc/((Rm~2)(&)(T)))
= 1 ( 7.754372E-02 ) ( 1340 7 ¢ ( 35.8125 " 2 ) (
1.810228€-02 ) ¢ .375 ) ) )

‘ = 12 psi.

Bending due to Mc (&c4) = Kb(C4)(6(Mc)/((T"2)(Rm)(4)))

=1(.1009 ) (6 (1340 )/ ((C.375 " 2) (35.8125
) € .0231499 ) ) )

= 6958 psi.

Membrane due to ML (&c5) = Kn(C5)(ML/((Rm2)(&)(T)))
=1 ( 7.252811 ) (-22550 / ¢ ( 35.8125 " 2 ) (
6.2589326-02 ) ¢ .375 ) ) )
| =-5434 psi.

Bending due to ML (&cé) = Kb(CE)(6(ML)/((T 2)(Rm)(4)))

=1 ( 2.568189E-02 ) ( 6 (-22550 ) / ( ¢ .375 "2 ) (
35.8125 ) ¢ .1295062 ) ) )

=-5329 psi.

Press. stress (4c7) = Dp(Rm)(Iv)/(T)
=2 (35.8125) 1)/ (¢ .375)

= 191 psi.

Au Al Bu Bl Cu cl Du Dl
-200 -200 -200 -200 -196 -196 -196 -196
-1096 1096 -1096 1096 -1495 1495 -1495 1495

0 0 0 0 -12 -12 12 12

0 0 0 0 -6958 6958 6958 -6958

5434 5434 -5434 -5434 0 0 0 0

5329 -5329 -5329 5329 0 0 0 0

9467 1001 -12059 ™1 -8661 8245 5279 -5647




-dct 9658 1192 -11868 982 -8470 8436 5470 -5456
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.«-tric parameters

Gamma = 95.5
éx1 : 5.235602E-03
x2 : .2164049

éx : 2.419355E-02

81 : 4.241911E-02 62 : 4.4608B4E-02 43 : 1.810228E-02
&4 : 2.980845E-02 &5 : 6.258932E-02 86 : 7.499635E-02

Longitudinal stresses :

Membrane due to P (&l1) = Kn(L1x)(P/(Rm(T)))
=1 (CLIx) (160 7/ ( 35.8125 ¢ .375 ) ) )
= 213 psi. ( 206 psi. )

Bending due to P (4l2) = Kb(L2x)(6(P)/(T"2))
=1(L2x ) (6C160)/C 375" 2))
= 1147 psi. ( 843 psi. )

Membrane due to Mc (al3)

Kn(L3)(Mc/((Rm"2)(&)(T)))
1 ¢ .3252309 ) ( 1340 7 ( ( 35.8125 " 2 ) (
1.810228€-02 ) ( .375 ) ) )

= 50 psi.

‘endina due to Mc (&14) = Kb(L4)(6(Mc)/((T 2)(Rm)(4)))
=1(.06) (6 (1340) /¢ .375 " 2) (35.8125 ) (
2.980845E-02 ) ) )
= 3213 psi.

Membrane due to ML (&l5) = Kn(L5)(ML/((Rm"2)(8)(T)))

=1 ( .6576346 ) (-22550 / ( ( 35.8125 " 2 ) (
6.258932E-02 ) ( .375 ) ) )

=-494 psi.

Bending due to ML (&l6) = Kb(L6)(6(ML)/((T"2)(Rm)(4)))

=1 ( 6.549262E-02 ) ( 6 (-22550 ) / ( ( .375 ~ 2 ) (
35.8125 ) ( 7.4996356-02 ) ) )

=-23462 psi.

Press. stress (4l7) = Dp(Rm)(Iv)/(2(T))
=2 (35.8125)(1)/7¢2¢ .315))

= 96 psi.
Stresses Au Al Bu Bl Cu clL Du Dl
-al 1 -213 -213 -213 -213 -206 -206 -206 -206
-al 2 -1147 1147 -1147 1147 -843 843 -843 843
-al 3 0 0 0 0 -50 -50 50 50
-al 4 0 0 0 0 -3213 3213 3213 -3213
-&l 5 494 494 -494 -494 0 0 0 0
‘ll (] 23462 -23462 -23462 23462 0 0 0 0
-al 22596 -22034 -25316 23902 -4312 3800 2214 -2526

------------------------------------------------------------------------------------------------------------------------------------



-alt

22692

-21938

-25220

23998

-4216

3896

M-/,

2310
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-2430
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Item no. : F#1-EAST S/o no. : 375
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ear stresses :

Shear due to V0L (ds1)

VL/4(CL)(T))
1020 / C 4 C7.75 ) ( .375) )
= 88 psi.

Shear due to Vc (&s2) = Vc/(4(Cc)(T))
=220/ C4 C 1875 ) ( .375 ) )
= 782 psi.

Shear due to Mt (&s3) = 0 psi.

Stresses Au Al Bu Bl Cu cl Du Dl
-és 1 0 0 0 0 -88 -88 88 88
-és 2 782 782 -782 -782 0 0 0 0
-&s 3 0 0 0 0 0 0 0 0
-ast 782 782 -782 -782 -88 -88 88 88

- When ast = 0

(comb.) = The larger of :
) éct

2) alt
3) alt - &ct

- When dst < 0

4 (comb.) = The larger of :

1) 0.5[alt+act+Sqr.((Alt-dct) 2+4(ast™2))]
2) 0.5[alt+dct-Sqr.((dlt-Act) 2+4(ast"2))]

3) Sqr.((alt-dct) "2+4(dst"2)))

Stresses Au Al Bu Bl Cu cl Du Dl

....................................................................................................................................
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX
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-=- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP.

P.0. NO. : 9353001

ITEM NO. : F#1-EAST  S/0 NO. : .290

DESIGNER NAME : M.SCHULTZ DATE : 12-19-199
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--- Stresses in Cylindrical Shell ---

Attachment Mk. : JT1LD8

M.A.M.P. : 2 psi.
Des. temp. : 100 deg. F

Cyl. ID. : 71.42 in. Cyl. mean rad. : 35.855 in. (corr.)

l. thk. : .29 in. ( .29 in. (corr.))
terial : SA 36

Allow. stress : 12700 psi.

Attachment

Shape : Rectangular
clL : 7.75 in.
: 1875 in.

Radial load P : 160 Lb.
Shear load Vc : 220 Llb.
Shear load VLl : 1020 Lb.
Moment Mc : 1340 in.-lb.
Moment ML :-22550 in.-lb.
Moment Mt : 5680 in.-lb.

Stress coefficient factors

Kn : 1 Kb : 1 Iv : 1

Cla : 20.28941 Clb : 21.10213 C2a : .2078744 C2b : .151832

C3 : 7.031596E-02 C4 : .1 C5 : 10.16516 Cé : 2.191402E-02

Lia : 21.71166 Lib : 22.14284 L2a : .1543033 L2b : .1118637
‘L} : .5245329 Lé : .06 L5 : .2693445 L6 : 5.919533E-02

K1(Nf) = .91 K1(Nx) : 1.68 K1(Mf) : 1.76 K1(Mx) : 1.2

K2(Nf) : 1.48 K2(Nx) : 1.2 K2(Mf) : .88 K2(Mx) : 1.25

Kc(é) : .9847822 Kc(Mf) : 1.242233 Kc(Mx) : 1.572507

Cc(Nf) : .09 Cc(Nx) : .44
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KL(E) : 1.371823  KL(Mf) : 2.055064 Kl(Mx) : 1.19129
CL(Nf) = .8 CL(NX) = .07
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| Gamma = Rm/T = 35.855 / .29
= 123.6379

&1x = Cc/Rm = 1875 / 35.855 = 5.229396E-03
&2x = Cl/Rm = 7.75 / 35.855 = .2161484
éx = &1x/82x = 5.229396E-03 / .2161484 = 2.419355E-02

&1 : 5.461674E-02 &2 : .0283712 43 : 1.808082E-02
84 : 2.246059E-02 &5 : 6.251513E-02 86 : 1284726

Circumferential stresses :

Membrane due to P (&c1) = Kn(C1x)(P/(Rm(T)))
=1(Cix) (160 7 ¢ 35.855 ( .29 ) ) )
= 312 psi. ( 325 psi. )

Bending due to P (&c2) = Kb(C2x)(6(P)/(T72))
=1(C2x)(6(C160)/(.29"°2))
= 2373 psi. ( 1733 psi. )

Membrane due to Mc (&c3) = Kn(C3)(Mc/((Rm~2)(4)(T)))
=1 ( 7.031596E-02 ) ( 1340 7 ¢ ( 35.855 " 2 ) (
1.808082E-02 ) ¢ .29 ) ) )

’ = 14 psi.

Bending due to Mc (&c4) = Kb(C4)(6(Mc)/((T 2)(Rm)(4)))
=1(.1)C6(C1340) /7 (.29 " 2) (35.85 ) (
2.246059€-02 ) ) )
= 11871 psi.

Membrane due to ML (&c5) = Kn(C5)(ML/((Rm"2)(&)(T)))

=1 ( 10.16516 ) (-22550 7 ( ( 35.855 ~ 2 ) (
6.251513E-02 ) ( .29 ) ) )

=-9836 psi.

Bending due to ML (&c6) = Kb(C6)(&(ML)/((T 2)(Rm)(4)))

=1 ( 2.191402E-02 ) ¢ 6 (-22550 ) / € ¢ .29 "2 ) (
35.855 ) ( .1284726 ) ) )

=-7655 psi.

Press. stress (4c7) = Dp(Rm)(Iv)/(T)
=2(35.85)(1)/¢(¢.29)

= 247 psi.
Stresses Au Al Bu Bl Cu cl Du Dl
-&c 1 -325 -325 -325 -325 -312 -312 -312 -312
-&c 2 -1733 1733 -1733 1733 -2373 2373 -2373 2373
-4c 3 0 0 0 0 -14 -14 14 14
-&c & 0 0 0 0 -11871 11871 11871 -11871
.lc 5 9836 9836 -9836 -9836 0 0 0 0
-&c 6 7655 -7655 -7655 7655 0 0 0 0
-&c 15433 3589 -19549 -773 -14570 13918 9200 -9796
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5.229396E-03
.2161484
éx : 2.419355-02

&1 : 4.236882E-02 &2 : 4.455595E-02 43 : 1.808082E-02
64 : 2.843222E-02 &5 : 6.251513E-02 86 : 7.44T368E-02

Longitudinal stresses :

Membrane due to P (&l1) = Kn(L1x)(P/(Rm(T)))
=1 (Lix) (160 / ( 35.855 ¢ .29 ) ))
= 334 psi. ( 341 psi. )

Bending due to P (4l2) = Kb(L2x)(6(P)/(T"2))
=1 (Ll2x)(6C160)/ C .29 2))
= 1761 psi. ¢ 1277 psi. )

Membrane due to Mc (4l3) = Kn(L3)(Mc/((Rm"2)(&)(T)))

=1 ( .5245329 ) ( 1340 7 ¢ ( 35.855 " 2 ) (
1.808082E-02 ) ( .29 ) ) )

= 104 psi.

‘B«dim due to Mc (Al4) = Kb(L4)(6(Mc)/((T 2)(Rm)(8)))

=1(.06) (6 (C1340) /(.29 " 2) (35.85) (
2.843222E-02 ) ) )
= 5627 psi.

Membrane due to ML (&l5) = Kn(L5)(ML/((Rm"2)(8)(T)))

=1 ( .2693445 ) (-22550 7 ¢ ( 35.855 ~ 2 ) (
6.251513E-02 ) ( .29 ) ) )

=-262 psi.

Bending due to ML (Al6) = Kb(L6)(6(ML)/((T 2)(Rm)(4)))

=1 ( 5.919533E-02 ) ( 6 (-22550 ) / € ¢ .29 "2 ) (
35.855 ) ( 7.447368E-02 ) ) )

=-35666 psi.

Press. stress (4l7) = Dp(Rm)(1v)/(2(T))
=2 (¢35.855 )¢C1Y72¢2C 29 ))

© = 126 psi.
Stresses Au Al Bu Bl Cu cl Du Dl
-al 1 -334 -334 -334 -334 -341 -341 -341 =341
-al 2 -1761 1761 -1761 1761 -1277 1277 -1277 1277
-&l 3 0 0 0 0 -104 -104 104 104
-8l 4 0 0 0 0 -5627 5627 5627 -5627
-8l 5 262 262 -262 -262 0 0 0 0
‘ll (] 35666 -35666 -35666 35666 0 0 0 0
-al 33833 -33977 ~38023 36831 -7349 6459 4113 -4587

....................................................................................................................................
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-alt 33957 -33853 -37899 36955 -7225 6583 4237 -4463
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Item no. : F¥1-EAST S/0o no. : .290

B e et bl b bt bbb bbb bbbt

ear stresses :

Shear due to VL (ds1)

VL/C4(CL)(T))
1020 / (4 (7.75) ( .29))
113 psi.

Shear due to Vc (&s2)

Ve/(4(Cec)(T))
220 / C 4 C 1875 ) ( .29 ) )
1011 psi.

Shear due to Mt (as3) = 0 psi.

Stresses Au Al Bu Bl Cu cL Du Dl
-as 1 0 0 0 0 -113 -113 113 113
-ds 2 1011 1011 -1011 -1011 0 0 0 0
-3s 3 0 0 0 0 0 0 0 0
-ast 1011 1011 -1011 -1011 -113 -113 113 113

Combined stress intensity :

-------------------------

- When ast = 0

. (comb.) = The larger of :
) éct

2) alt
3) alt - &ct

- When ast <> 0

4 (comb.) = The larger of :

1) 0.5[Alt+act+Sqr.((alt-Act) 2+4(dst"2))]
2) 0.5[lt+act-Sqr.((dlt-dct) 2+4(dst"2))]

3) sqr.((Alt-Act) "2+4(dst"2)))

Stresses Au Al Bu Bl Cu cl Du Dl

....................................................................................................................................

------------------------------------------------------------------------------------------------------------------------------------
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STEARNS-ROGER DIV.Y TRANSFORMATION OF COORDINATES PROGRAM

DATE 12-14-1994
TIME 08:58:23

*1. - vae
VERTICAL VESSEL FURNA c€ 1 Eﬁjr po 4 ? pﬂf}—
............... Jowr * &, Loap *7
(DL + sersmic) Sp= 115 ¢ 2.95,

NOZZLE ORIENTATION = 338.51 DEG

PIPING LOADS :

FX0 = 150.00 LBS MX0 = 1519.16 FT-LBS
FYO = 760.00 LBS MYO = -102.50 FT-LBS
F20 = -210.00 LBS MZ20 = 0.00 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

P (2) = 0.14 XIPS MC(Y) = -1.23 IN-KIPS
VC(X) = -0.22 KIPS ML(X) = -16.96 IN-KIPS
VL(Y) = 0.76 KIPS MT(2Z) = -6.68 IN-KIPS
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX

--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP.

P.0. NO. : 9353001

ITEM NO. : F#1-EAST S/0 NO. : .375

DESIGNER NAME : M.SCHULTZ DATE : 12-19-1994

e e et e o e e e e e e o e e e e e e e e e e e e e s e e e e e s e e e e e R R R e e e e ek
--- Stresses in Cylindrical Shell ---

| Attachment Mk. : JT6LD7

M.A.W.P. : 2 psi.

‘ Des. temp. : 100 deg. F
’ Vessel
Cyl. ID. : 71.25 in. Cyl. mean rad. : 35.8125 in. (corr.)

l. thk., : 375 in. ( .375 in. (corr.))
terial : SA 36

Allow. stress : 12700 psi.

.........

Shape : Rectangular
cl : 7.75 in.
Cc : .1875 in.

Loads & Moments

Radial load P : 140 Lb.
Shear load Vc :-220 Lb.
Shear load VL : 760 Lb.
Moment Mc :-1230 in.-lb.
Moment ML :=-16960 in.-lb.
Moment Mt :-6680 in.-lb.

Stress coefficient factors

..........................

Kn : 1 Kb : 1 Iv: 1

Cla : 16.43%9 Cib : 16.78083 C2a : .218978 C2b : .1604909

C3 : 7.754372E-02 C4 : .1009 c5 : 7.252811 Cé6 : 2.568189E-02

Lia : 17.85809 L1b : 17.25823 L2a : 1679735 L2b : .1235527
.I.3 : 3252309 L4 : .06 LS : .6576346 L6 : 6.549262E-02

K1(Nf) = .91 K1(Nx) : 1.68 K1(Mf) : 1.76 K1(Mx) : 1.2

K2(Nf) : 1.48 K2(Nx) : 1.2 K2(Mf) : .88 K2(Mx) : 1.25

Kc(é) : 1.005836 Kc(Mf) : 1.278839 Kc(Mx) : 1.646668

Cc(Nf) : .15 Cc(Nx) : .44
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2.069142 KL(Mx) : 1.198229
24

KL(é) : 1.334016 KL(Mf)
CL(Nf) = .77 CL(NX)



Item no. : F#1-EAST S/o no. : .375 rM=1a/ 277 oF |72
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‘«!tri ¢ parameters

Gamma = Rm/T = 35.8125 / .375
= 95.5

&1x = Cc/Rm = 1875 / 35.8125 = 5.235602E-03
&2x = CL/Rm = 7.75 / 35.8125 = .2164049
éx = &1x/é2x = 5.235602E-03 / .2164049 = 2.419355E-02

&1 : 5.468157E-02 &2 : 2.84048BBE-02 43 : 1.810228-02
84 : .0231499 &5 : 6.258932E-02 86 : .1295062

Circumferential stresses :

Membrane due to P (ac1) = Kn(CI1x)(P/(Rm(T)))
=1 (Cix ) (140 7 ( 35.8125 ( .375 ) ) )
= 171 psi. C 175 psi. )

Bending due to P (&c2) = Kb(C2x)(6(P)/(T"2))
=1(C2x)(6(C140)/C¢.375"2))
= 1308 psi. ¢ 959 psi. )

Membrane due to Mc (&c3) = Kn(C3)(Mc/((Rm"2)(4)(T)))
=1 ( 7.754372E-02 ) (-1230 7 ¢ ¢ 35.8125 "2 ) (
1.810228E-02 ) ¢ .375 ) ) )

’ =-12 psi.

Bending due to Mc (&cé4) = Kb(C&)(6(Mc)/((T 2)(Rm)(&)))

=1(.1009 ) ( 6 (-1230 ) /7 ( ¢ .375 " 2 ) ( 35.8125
) € 0231499 ) ) )

=-6388 psi.

Membrane due to ML (&c5) = Kn(C5)(ML/((Rm"2)(&8)(T)))

=1 (7.252811 ) (-16960 / ( ( 35.8125 " 2 ) (
6.2589326-02 ) (¢ .375 ) ) )

=-4087 psi.

Bending due to ML (&cé) = Kb(C6)(6(ML)/((T 2)(Rm)(4)))

=1 ( 2.568189E-02 ) ( 6 (-16960 ) / ( ( .375 "~ 2 ) (
35.8125 ) ( .1295062 ) ) )

=-4008 psi.

Press. stress (4c7) = Dp(Rm)(Iv)/(T)
=2 (35.8125) (1) / (¢ .375)

= 191 psi.

Stresses Au Al Bu Bl Cu cl Du Dl
-éc 1 -175 -175 -175 -175 -7 -171 -17 -17
-4c 2 -959 959 -959 959 -1308 1308 -1308 1308
-éc 3 0 0 0 0 12 12 -12 -12
-&c & 0 0 0 0 6388 -6388 -6388 6388
& S5 4087 4087 -4087 -4087 0 0 0 0
-&c 6 4008 -4008 -4008 4008 0 0 0 0
-&c 6961 863 -9229 705 4921 -5239 -7879 7513
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Item no. : F#1-EAST $/o no. : 375

e S 3 i aa e e Lttt Ll b b bbbl

Gamma = 95.5
éx1 : 5.235602E-03
&x2 : .2164049

éx : 2.419355E-02

&1
&4

4.241911E-02 &2 : 4.4608B4E-02 43 : 1.810228&-02
2.980845E-02 &5 : 6.258932E-02 86 : 7.499635E-02

Longitudinal stresses :

Membrane due to P (&l1) = Kn(L1x)(P/(Rm(T)))
=1 (Lix) (140 / (35.8125 ( .375 ) ) )
= 186 psi. ( 180 psi. )

Bending due to P (&l2) = Kb(L2x)(6(P)/(T"2))
=1 (Ll2x) (6 (C140) /(.37 "2))
= 1003 psi. ( 738 psi. )

Membrane due to Mc (&l3) = Kn(L3)(Mc/((Rm"2)(&)(T)))

=1 ( .3252309 ) (-1230 / ( ( 35.8125 "2 ) (
1.810228€-02 ) ¢ .375 ) ) )

=-47 psi.

‘Bending due to Mc (4l4) = Kb(L&)(6(Mc)/((T"2)(Rm)(&)))
=1(.06) (6(-1230)/ ¢ .375 " 2) ( 35.8125 ) (
2.980845E-02 ) ) )
=-2951 psi.

Membrane due to ML (&15) = Kn(L5)(ML/((Rm"2)(&)(T)))

=1 ( 6576346 ) (-16960 / ( ( 35.8125 " 2 ) (
6.258932E-02 ) ¢ .375 ) ) )

=-372 psi.

Bending due to ML (4l6) = Kb(L6)(6(ML)/((T"2)(Rm)(4)))

=1 ( 6.549262E-02 ) ( 6 (-16960 ) / ( ¢ .375 "2 ) (
35.8125 ) ( 7.499635E-02 ) ) )

=-17646 psi.

Press. stress (4l7) = Dp(Rm)(1v)/(2(T))
=2 (35.8125)(1)/7¢2¢.35))

= 96 psi.
Stresses Au Al Bu Bl Cu cl Du Dl
-8l 1 -186 -186 -186 -186 -180 -180 -180 -180
-al 2 -1003 1003 -1003 1003 -738 738 -738 738
-al 3 0 0 0 0 47 47 -47 -47
-al 4 0 0 0 0 2951 -2951 -2951 2951
-4l 5 372 372 -372 -372 0 0 0 0
‘-ll 6 17646 -17646 -17646 17646 0 0 0 0
-al 16829 -16457 -19207 18091 2080 -2346 -3916 3462

------------------------------------------------------------------------------------------------------------------------------------




M’/U/, P go oF /92

-alt 16925 -16361 =191 18187 2176 -2250 -3820 3558
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Item no. : F#1-EAST S/o no. : 375

ear stresses :

Shear due to VL (ds1) = VL/(4(CL)(T))
760 / (4 CT7.75)C.375))
65 psi.

Shear due to Vc (4s2) = Vc/(4(Cc)(T))
=-220 / C & C .1875 ) ( 375 ) )
=-783 psi.

Shear due to Mt (4s3) = 0 psi.

Stresses Au Al Bu Bl Cu cl Du DL
-8s 1 0 0 0 0 -65 -65 65 65
-ds 2 -783 -783 783 783 0 0 0 0
-4s 3 0 0 0 0 0 0 0 0
-ast -783 -783 783 783 -65 -65 65 65

- When &st = 0

(comb.) = The larger of :
) dct

2) alt
3) alt - Act

- When ast < 0

4 (comb.) = The larger of :

1) 0.5[alt+Act+Sqr.((Alt-act) "2+4(4st"2))]
2) 0.5[Alt+dct-Sqr.((Alt-dct) 2+4(8st"2))]

3) Sqr.((alt-dct) 2+4(dst"2)))

Stresses Au Al Bu Bl Cu cl Du DL
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PRESSURE VESSEL DESIGN PRO CORP.

‘ HOUSTON TX
PO e et

--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP.

P.0. NO. : 9353001

ITEM NO. : F#1-EAST S/0 NO. : .240

DESIGNER NAME : M.SCHULTZ DATE : 12-19-199

L e s e e e et et it
--- Stresses in Cylindrical Shell ---

Attachment Mk. : JT6LD7

M.A.M.P, : 2 psi.

Des. temp. : 100 deg. F

Cyl. ID. : 71.52 in. Cyl. mean rad. : 35.88 in. (corr.)

| .l. thk. = .26 in. ( .24 in. (corr.))
aterial : SA 36

Allow. stress : 12700 psi.

Attachment

Shape : Rectangular
Cl : 7.75 in.
: 1875 in.

Radial load P : 140 Lb.
Shear load vc :-220 Lb.
Shear load VI : 760 Lb.
Moment Mc :-1230 in.-lb.
Moment ML :-16960 in.-lb.
Moment Mt :-6680 in.-lb.

Stress coefficient factors

Kn : 1 Kb : 1 Iv : 1

Cla : 23.56326 C1b : 25.00883 C2a : .1976185 C2b : .1458864

C3 : 9.274808£-02 C4 : .1 €5 : 12.55153 C6 : .0188458

L1a : 24.93766 L1b : 26.6784 L2a : .1412049 L2b : .1020461
' : 715303 L4 : .06 L5 : .3397461 L6 : 5.302475E-02

K1(NE) = .91 K1(Nx) : 1.68 K1(Mf) = 1.76 K1(Mx) : 1.2

K2(Nf) : 1.48 K2(Nx) : 1.2 K2(M{) : .88 K2(Mx) : 1.25

Kc(é) : 9713089 Kc(Mf) : 1.213618 Kc(Mx) : 1.518781

Cc(Nf) : .09 Co(Nx) : .44

M-1o),

P82 oF/?7
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KL(&) = 1.403817 KL(Mf) : 2.050017 Kl(Mx) : 1.19129
CL(Nf) = .8 CL(NX) : .07
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Gamma = Rm/T = 35.88 / .24
= 149.5

&1x = Cc/Rm = .1875 / 35.88 = 5.225753E-03
&2x = Cl/Rm = 7.75 / 35.88 = .2159978
éx = &1x/é2x = 5.225753E-03 / .2159978 = 2.419355E-02

2.835144E-02 43 : 1.806823E-02
6.247158€-02 86 : .1280678

&1 : .0545787 &2
84 : 2.192792E-02 &5

Circumferential stresses :

Membrane due to P (&c1) = Kn(C1x)(P/(Rm(T)))
=1(CIx ) (140 7 ( 35.88 ( .24 ) ) )
= 383 psi. ( 407 psi. )

Bending due to P (&c2) = Kb(C2x)(6(P)7(T"2))
=1(C2x)(6(C140)/(.26"2))
= 2882 psi. ( 2128 psi. )

Membrane due to Mc (&c3) = Kn(C3)(Mc/((Rm"2)(&)(T)))
=1 ( 9.274808E-02 ) (-1230 / ¢ ( 35.88 " 2 ) (
| 1.806823E-02 ) ( .24 ) ) )
| =-21 psi.

Bending due to Mc (&c4) = Kb(C4)(6(Mc)/((T"2)(Rm)(4)))
=1(.1)C6(-1230)/ (.26 "2) (35.88) (
2.192792e-02 ) ) )
=-16286 psi.

Membrane due to ML (&c5) = Kn(C5)(ML/((Rm"2)(&)(T)))

=1 ( 12.55153 ) (-16960 / ( ( 35.88 " 2 ) (
6.2471586-02 ) ( .24 ) ) )

=-11030 psi.

Bending due to ML (&cé) = Kb(C6)(6(ML)/((T 2)(Rm)(4)))

=1 ( .0188458 ) ( 6 (-16960 ) / ( ( .24 "2 ) ( 35.88
) ( .1280678 ) ) )

=-7247 psi.

Press. stress (4c7) = Dp(Rm)(IV)/(T)
=2 (35.8)(1)/(.2)

= 299 pei.

Stresses Au Al Bu Bl Cu cl Du Dl
-ac 1 407 -407 -407 -407 -383 -383 -383 -383
-&c 2 -2128 2128 -2128 2128 -2882 2882 -2882 2882
-4c 3 0 0 0 0 21 21 -21 -21

4 0 0 0 0 16286 -16286 -16286 16286

5 11030 11030 -11030 -11030 0 0 0 0
-&c 6 7247 -7247 -7247 7247 0 0 0 0
-&c 15742 5504 -20812 -2062 13042 -13766 -19572 18764
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Item no. : F#1-EAST $/0 no. : .240
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‘mtric parameters

Gamma = 149.5

éx1 : 5.225753E-03
&x2 : .2159978
éx : 2.419355E-02

&1 : 4.233932E-02 82 : 4.452492E-02 &3 : 1.806823e-02
&4 : 2.744168E-02 &5 : 6.247158E-02 86 : 7.442179€E-02

Longitudinal stresses :

Membrane due to P (&l1) = Kn(L1x)(P/(Rm(T)))
=1 (Lix) (140 / (35.88 (.24)))
= 405 psi. ( 434 psi. )

Bending due to P (4l2) = Kb(L2x)(6(P)/(T"2))
=1 (Ll2x ) (6 (C140)/ (.26 "2))
= 2059 psi. ( 1488 psi. )

Membrane due to Mc (&l3) = Kn(L3)(Mc/((Rm"2)(8)(T)))

=1 ( .715303 ) (-1230 7 ¢ ( 35.88 " 2 ) (
1.806823E-02 ) ( .24 ) ) )

=-159 psi.

deing due to Mc (&l4) = Kb(L&)(6(Mc)/((T 2)(Rm)(4&)))
=1(.06) (6(-1230 )/ (( .24 "2 ) ( 35.88) (
2.744168E-02 ) ) )
=-7809 psi.

Membrane due to ML (&l5) = Kn(L5)(ML/((Rm"2)(&)(T)))

=1 ( 3397461 ) (-16960 /7 ( (¢ 35.88 "~ 2 ) (
6.247158E-02 ) ( .24 ) ) )

=-300 psi.

Bending due to ML (&l6) = Kb(L6)(6(ML)/((T 2)(Rm)(4)))

=1 ( 5.302475E-02 ) ( 6 (-16960 ) / ( ¢ .24 " 2) (
35.88 ) ( 7.442179€-02 ) ) )

=-35083 psi.

Press. stress (4l7) = Dp(Rm)(Iv)/(2(T))
=2(35.8)(1)/7(¢2¢(.2))

= 149 psi.

Stresses Au Al Bu Bl Cu cl Du Dl
-al 1 -405 -405 =405 -405 -434 -434 -434 -434
-al 2 -2059 2059 -2059 2059 -1488 1488 -1488 1488
-al 3 0 0 0 0 159 159 -159 -159
-al 4 0 0 0 0 7809 -7809 -7809 7809

| 5 300 300 -300 -300 0 0 0 0

6 35083 -35083 -35083 35083 0 0 0 0
-al 32919 -33129 -37847 36437 6046 -6596 -9890 8704

....................................................................................................................................




-alt

33068

-32980

-37698

36586

6195

-6447

M-1ol ¢ &7 o 192

-9741 8853
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Item no. : F#1-EAST S/o0 no. : .240
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Shear due to VL (ds1) = VL/(4(CL)(T))
=760 / (4 C7.75)(C.2))
| = 102 psi.

Shear due to Vc (&s2) = Vc/(4(Cc)(T))
=-220 / C & C 1875 ) ( .24 ) )
=-1223 psi.

Shear due to Mt (&s3) = 0 psi.

Stresses Au Al Bu Bl Cu cl Du DL
-as 1 0 0 0 -102 -102 102 102
\
| -ds 2 -1223 -1223 1223 1223 0 0 0 0
-ds 3 0 0 0 0 0 0 0
-ast -1223 -1223 1223 1223 -102 -102 102 102

.........................

- When ést = 0

(comb.) = The larger of :
éct

2) alt

3) alt - Act

- When ést <> 0

& (comb.) = The larger of :

1) 0.5[alt+act+Sqr.((alt-Act) 2+4(ast"2))]
2) 0.5[alt+act-Sqr.((Alt-Act) 2+4(ast™2))]

3) sqr.((alt-dct) 2+4(ast"2)))

Stresses Au Al Bu Bl Cu cl Du Dl
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CALCULATION SET NO REV| COMP BY CHK'D BY

FORM 5007 REV. 4/91

GENERAL
Engineers & Constructors ~ COMPUTATION M-/9/ M o 750
SHEET PRELIM | FINAL VOID 0 DATE “ DA
/2/2g/7425/45

PROJECT FMC CorP m— =
sumecw_ﬂumy or Pome Bracers w0 9353.001

FORNACE #2-2asT PoT/
JomnIT_ #14 - Loap P& | (DL +LL)
35 T+ THI. SHeLe 1S oK
200 rHIK SHELL 1S MINIMUM ALLowACLE &
Max. MeMBrRANE STRESS (CIRCUMF)
259Psl +/3655 -39 st = 13775k % 1104709 = 13,970 psi v

MAx. S UﬂFf?CC STreSSs (LovarT, )
—22292,5 3.X12700)= 38,190 ksI A

DATE DATE

JodT #14 - Loap #7 (DL + s€lsmi1C)
38" THK, SHELL /S OK
L P2Bo" TH<, SHELL [S MINIMUY) ALLCOWABLE

NTAx. MEMBRANE STREL (CircumsF)
-520ps1-13228 psr= —13,748 rs1 < 1.11700=139% . v

-520pa +]3,228 st +Z2SGPSI = +/29¢4 £~/ v

MAX _Q/A’FACE Stress LovaiT)
- 29 454 P51 =-29,454ps1 < 3(12,70) =3 8,120 Psi

”

CRITICAL LoAD CoNDITION —MIN. THH = O, 280
ARPLIES TO FURNACE ¥2 - EAST PaT
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FORM 5007 REV. 491
?ﬂedingineers GENERAL ;:cu;;:c/)ﬁser NO {Ree] oo | Gun o
S o COMPUTATION - ¢ C

: SHEET PRELIM | FINAL | <VvOID 0 M%ngié Zoéf@
‘ o 12//5/74 M25/2s

PROJECT _EMC, CORE

SHEET oF DATE DATE
susveer St urry Por Pvme (Brackers |0 9353091

Furnace #2 ~EAST FPoT

NS = %f, &= 2289°

o((,3=!80°- 22.89°= 15211°
T N 4)=180"+22.49°= 202.87°

, 4”
" g
Z - ——
14" !
/“
/
//.
.'///
¥ (@)

LE]‘ THESE RUNS ESTACLISH N7t TH: o

Furngce 2 E457 PoT




: X

SLURRY POT PUMP BRACKET (FMCP-F4E)

——— AL Rt —

* FURNACE EAST SLURRY POT MAO), fhee 91 or 192
‘ SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE = SPACE
JOINT LOAD FORCE-X FORCE-Y FORCE-Z MOM-X MOM-Y MOM Z
13 1 0.02 0.65 0.00 -15.04 0.01 -0.42
2 0.00 0.08 0.00 -2.35 0.00 -0.06
3 0.00 -0.13 0.00 3.01 0.00 0.08
4 -0.24 -0.54 0.46 -34.58 -0.05 -1.83
5 0.00 0.00 -0.22 7.46 -0.01 0.00
6 0.02 0.73 0.00 -17.39 0.01 -0.49
7 0.20 0.99 -0.35 12.40 0.04 1.00
8 0.01 0.59 -0.16 ~7.94 0.00 -0.38
14 1 -0.02 0.89 0.00 -20.28 -0.02 0.11
2 0.00 0.12 0.00 -3.25 0.00 0.01
3 0.00 -0.18 0.00 4.06 0.00 -0.02
4 -0.28 0.54 -0.46 34.58 0.02 -6, 52
5 0.00 0.00 -0.31 14.83 0.02 -0.02
6 fLee) =0,02--- 1,02 0,00 -23.54 -0.02 0.11
T o) - 0.20 o 0.40— 0.35 —44.19 -0.03 4.99
B > —=0.01 0.80 =0.23 =7.13 0.00 0.08

kkkkkkkkkkkkkx*x END OF

78. LOAD LIST 6 TO 8

LATEST ANALYSIS RESULT %% %%k %% %% %% x %

‘ 79. PRINT JOINT DISPLACEMENTS
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STEARNS-ROGER DIV.§ TRANSFORMATION OF COORDINATES PROGRAM "

‘ DATE 12-15-199%

TIME 15:36:38

Furnace ¥2 - East FPor
VERTICAL VESSEL JOINT "4 - Laﬁo o

OL+LL)  G=115 €305

NOZZLE ORIENTATION = 202.80 DEG

PIPING LOADS :

FX0 = -20.00 LBS MX0 = -1961.67 F1-LBS
FYO = 1020.00 LBS MYO = -1.67 FT-LBS
FZ0 = 0.00 LBS M20 = 9.17 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN
SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

® -

= 0.01 KIPS MC(Y) = -0.02 IN-KIPS
VC(X) = -0.02 KIPS ML(X) = -21.66 IN-KIPS
VL(Y) = 1.02 KIPS MT(2) = 9.22 IN-KIPS
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PRESSURE VESSEL DESIGN PRO CORP.

‘ HOUSTON TX

--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP.

P.0. NO. : 9353001

ITEM NO. : F#2-EAST S/0 NO. : .375

DESIGNER NAME : M.SCHULTZ DATE : 12-19-1994

SRR AR AR R AR R R AR AR R R R R R AR R R R R R R R R R R R R R Rl R R R R R R e b e e e
--- Stresses in Cylindrical Shell ---

Attachment Mk. : JT14LDé

M.A.M.P. : 2 psi.

Des. temp. : 100 deg. F

Vessel
l. ID. : 71.25 in. Cyl. mean rad. : 35.8125 in. (corr.)
L. thk. : .375 in. ( .375 in. (corr.))
terial : SA 36

Allow. stress : 12700 psi.

Attachment

Shape : Rectangular
cl : 17.25 in.
Cc : .125 in.

Loads & Moments

---------------

Radial load P : 10 Llb.

Shear load Vc :-20 Lb.

Shear load VL : 1020 Lb.
Moment Mc :=20 in.-lb.
Moment ML :-21660 in.-lb.
Moment Mt : 9220 in.-lb.

Stress coefficient factors

Kn : 1 Kb : 1 Iv : 1

Cla : 14.69529  C1b : 16.23275 C2a : .1946482 C2b : .1438118

C3 : 7.697482E-02 C4 : .1009 5 : 8.300258 C6 : 1.462491E-02

L1a : 16.83805 L1b : 17.02763 L2a : .1434798 L2b : .1039827
. : 3232207 Lé : .06 L5 : .B4346 L6 : 4.130381E-02

K1(NE) = .91 K1(Nx) : 1.68 K1(ME) = 1.76 K1(Mx) : 1.2

K2(Nf) : 1.48 K2(Nx) : 1.2 K2(Mf) : .88 K2(Mx) : 1.25

Kc(é) : 1.008052 Kc(Mf) : 1.287217 Kc(Mx) : 1.66028

Cc(Nf) : .15 Cc(Nx) : .44




M-10l, F 94 oF /192

KLCE) @ 1.345913  KL(Mf) : 2.104697 KL(Mx) : 1.204513
CL(Nf) = .77 CL(NX) : .24




M-101, P4« o 192

Item no. : F#2-EAST s/o no. : 375

ARREARRRRRRdR Rt ddddddddddddddddd i ddrd it d i ddd b bk dd kb ded kb kbl

‘ztri c parameters

Gamma = Rm/T = 35.8125 /7 .375
= 95.5

61x = Cc/Rm = .125 / 35.8125 = 3.490401E-03
62x = CL/Rm = 17.25 /7 35.8125 = .4816754
éx = 81x/82x = 3.490401E-03 / .4816754 = 7.246377e-03

&1 : 6.705466E-02 82 : .03449 43 : 1.803717€-02
84 : 2.321776E-02 &5 : 9.320976E-02 86 : .1961783

Circumferential stresses :

Membrane due to P (&c1) = Kn(C1x)(P/(Rm(T)))
=1(CIx) (10 / ¢ 35.8125 ¢ .375 ) ) )
= 11 psi. 12 pet. )

Bending due to P (&c2) = Kb(C2x)(6(P)/(T"2))
=1 (C2x)(C6C10)/ C .35 "2))
= 83 psi. ( 61 psi. )

Membrane due to Mc (&c3) = Kn(C3)(Mc/((Rm~2)(&)(T)))

=1 ( 7.697482E-02 ) (-20 7 ( ¢ 35.8125 " 2 ) (
1.803717€-02 ) ¢ .375 ) ) )

=-1 psi.

Bending due to Mc (&c4) = Kb(C4)(6(Mc)/((T 2)(Rm)(&)))

=1(.1009 ) (6(-20) /7 C(C.375 "2 ) ( 35.8125 ) (
2.321776E-02 ) ) )

=-105 psi.

Membrane due to ML (4c5) = Kn(C5)(ML/((Rm"2)(&)(T)))

=1 ( 8.300258 ) (-21660 / ( ( 35.8125 ~ 2 ) (
9.320976€-02 ) ¢ .375 ) ) )

=-4011 psi.

Bending due to ML (&c6) = Kb(C6)(6(ML)/((T 2)(Rm)(4)))

= 1 ( 1.462491E-02 ) ( 6 (-21660 ) 7 ¢ ¢ .375 " 2 ) (
35.8125 ) ( .1961783 ) ) )

=-1925 psi.

Press. stress (&c7) = Dp(Rm)(1v)/(T)
=2 (35.8125 ) (1) / ( .375)
= 191 psi.
Stresses Au Al Bu Bl Cu cl Du Dl




...............................................
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Item no. : F#2-EAST S/o mo. : .375 M-1o/, P 9> o /97

RAARRAERRRRARRRRAAAAEREAAAAAAAAAARARAARARRAARAERAE AR ARt dd e hd

‘etric parameters

Gamma = 95.5
éx1 : 3.490401E-03
&x2 : .4816754

&x : 7.246377e-03

&1
&b

5.185783e-02 &2
2.994676E-02 a5

5.457154E-02
9.320976€-02

1.803717-02
1122724

&

Longitudinal stresses :

Membrane due to P (4l1) = Kn(L1x)(P/(Rm(T)))
=1 (Lix) 10/ (35.8125 ¢ .375 ) ) )
= 13 psi. ¢ 13 psi. )

Bending due to P (&12) = Kb(L2x)(6(P)/(T°2))
=1 (L2x)(C6C10)/ ¢ .375°2))
= 61 psi. ( 44 psi. )

Membrane due to Mc (&l3) = Kn(L3)(Mc/((Rm"2)(&)(T)))

=1 ( .3232207 ) (-20 / ( ( 35.8125 "2 ) (
1.803717e-02 ) (¢ .375 ) ) )

=-2 psi.

‘ﬁng due to Mc (&l4) = Kb(L&)(6(Mc)/((T"2)(Rm)(£)))
=1(.06)(6(20) /(¢ (.375 " 2) (35.8125 ) (
2.994676E-02 ) ) )
=-49 psi.

Membrane due to ML (&l5) = Kn(LS)(ML/((Rm"2)()(T)))

=1 ( .B4346 ) (-21660 / ( ( 35.8125 " 2 ) (
9.320976E-02 ) ¢ .375 ) ) )

=409 psi.

Bending due to ML (&l6) = Kb(L6)(6(ML)/((T 2)(Rm)(4)))

=1 ( 4.130381E-02 ) ( 6 (-21660 ) / ( ¢ .375 "~ 2 ) (
35.8125 ) ( .1122724 ) ) )

=-9495 psi.

Press. stress (&l7) = Dp(Rm)(Iv)/(2(T))
=2 (35.8125)(1)Y/7¢2¢C.3715))

.= 96 psi.

Au Al Bu Bl Cu cl Du Dl
-13 -13 -13 -13 -13 -13 -13 -13
-61 61 -61 61 -bb 44 -44 44

0 0 0 2 2 -2 -2

0 0 0 49 -49 -49 49
409 409 -409 -409 0 0 0 0
9495 -9495 -9495 9495 0 0 0 0

....................................................................................................................................
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Item no. : F#2-EAST s/o no. : 375

‘.l‘ stresses @

Shear due to VL (ds1) = VL/(4(CL)(T))
=1020 / C 4 € 17.25 ) ¢ .375 ) )
= 39 psi.

Shear due to Vc (&s2) = Vc/(4(Cc)(T))
=20/ C4& (C .125) ¢ .375 ) )
=-108 psi.

Shear due to Mt (&s3) = 0 psi.

Stresses Au Al Bu Bl Cu cl Du Dl
-és 1 0 0 0 0 -39 -39 39 39
-és 2 -108 -108 108 108 0 0 0 0
-ds 3 0 0 0 0 0 0 0 0
-ast -108 -108 108 108 -39 -39 39 39

Combined stress intensity :

- When ast = 0

.cod:.) = The larger of :
act

2) alt
3) &lt - act

- When ast <> 0

4 (comb.) = The larger of :

1) 0.5[alt+Act+Sqr.((Alt-Act) 2+4(4st"2))]
2) 0.5[alt+dct-Sqr.((alt-act) 2+4(4st2))]

3) sqgr.((alt-dct) 2+4(dst"2)))

Stresses Au Al Bu Bl Cu cl Du Dl
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PRESSURE VESSEL DESIGN PRO CORP.

. HOUSTON TX

--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP.

P.0. NO. : 9353001

ITEN NO. : F#2-EAST  S/0 NO. : .20000

DESIGNER NAME : M.SCHULTZ DATE : 12-19-199

D R e st s
--- Stresses in Cylindrical Shell ---

Attachment Mk. : JT14LD6

M.A.M.P. : 2 psi.
Des. temp. : 100 deg. F

Vessel
l. ID. : 71.6 in. Cyl. mean rad. : 35.9 in. (corr.)
‘l. thk. : .2 in. ( .2 in. (corr.))
terial : SA 36

Allow. stress : 12700 psi.

Attachment

Shape : Rectangular
Cl : 17.25 in.

Cc : .125 in.

Radial load P : 10 Lb.

Shear load Vc :-20 Lb.

Shear load VL : 1020 Lb.
Moment Mc :-20 in.-lb.
Moment ML :-21660 in.-lb.
Moment Mt : 9220 in.-1b.

Stress coefficient factors

Kn : 1 Kb : 1 Iv = 1

Cla : 23.75517 Clb : 27.90683 C2a : .1708822 C2b : .1184849

€3 : .1210046 C4 : .1 €5 : 15.10861 C6 : 9.68625E-03

Lia : 27.53272 L1b : 29.88587 L2a : .1150381 L2b : 7.988606E-02
. : 1.004711 L4 : .06 L5 : .5125719 L6 : 2.659184E-02

K1(Nf) = .91 K1(NX) : 1.68 K1(Mf) : 1.76 K1(Mx) : 1.2

K2(Nf) : 1.48 K2(Nx) : 1.2 K2(Mf) : .88 K2(Mx) : 1.25

Kc(é) : 9560968 Kc(Mf) : 1.186134 Kc(Mx) : 1.465296

Cc(Nf) = .09 Cc(Nx) : .44




KL(€) = 1.456635
CL(Nf) = .8

KL(MT)
CL(NX)

2.079143
.07

KL(Mx)

: 1.197391

M1 210} o 197




Item no. : F#2-EAST $/0 no. : .20000 r-10l, F102 o |92
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| ‘uetri c parameters

Gamma = Rw/T = 35.9 / .2
= 179.5

&1x = Cc/Rm = 125 / 35.9 = 3.4B1894E-03
&2x = Cl/Rm = 17.25 / 35.9 = .4805014
éx = &1x/82x = 3.481894E-03 / .4B05014 = 7.246377e-03

&1 : 6.689123e-02 42 : 3.440594E-02 43 : 1.799321E-02
84 : 2.134235e-02 &5 : 9.29825%9€-02 86 : .1933241

Circunferential stresses :

Membrane due to P (4c1) = Kn(C1x)(P/(Rm(T)))
=1(Cix) 10/ ¢35.9¢C.2)))
= 33 psi. ( 39 psi. )

Bending due to P (&c2) = Kb(C2x)(6(P)/(T"2))
=1(C2x)(6(C10)/(C.2°2))
= 256 psi. ( 178 psi. )

Membrane due to Mc (&c3) = Kn(C3)(Mc/((Rm"2)(&)(T)))
=1 ( .1210046 ) (-20 /7 ( € 35.9 © 2 ) ( 1.799321E-02

(.2)))
=-2 psi.

Bending due to Mc (&c4) = Kb(C4)(6(Mc)/((T"2)(Rm)(4)))
=1(.1)C6(20)/7(C(C.2°2)(35.9)¢(
2.1342356-02 ) ) )
=-393 psi.

Membrane due to ML (Ac5) = Kn(C5)(ML/C(Rm"2)(4)(T)))

=1 ( 15.10861 ) (-21660 / ¢ ( 35.9 ~ 2 ) (
9.298259€-02 ) ¢ .2 ) ) )

=-13655 psi.

Bending due to ML (&c6é) = Kb(C6)(6(ML)/((T 2)(Rm)(4)))

=1 ( 9.68625E-03 ) ( 6 (-21660 ) / ¢ ( .2 " 2 ) ( 35.9
) € .1933241 ) ) )

=-4535 psi.

Press. stress (&c7) = Dp(Rm)(Iv)/(T)
=2(¢(35.9)C1)/7¢(C.2)
= 359 psi.
Stresses Au Al Bu Bl Cu cl Du Dl




......................................................................................................................
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‘:tri ¢ parameters

éx1 : 3.481894E-03
éx2 : .4805014
éx : 7.246377E-03

&1 : 5.173143e-02 62 : 5.443854E-02
&4 : 2.636538E-02 &5 : 9.298259E-02

1.799321E-02
1113366

& &

Longitudinal stresses :

Membrane due to P (4l1) = Kn(L1x)(P/(Rm(T)))
=1 (LIx)(C10/(35.9¢C.2)))
= 38 psi. ( 42 psi. )

Bending due to P (&l2) = Kb(L2x)(6(P)/(T"2))
=1 CL2X)YLO6CI0YZC.272))
= 173 psi. ( 120 psi. )

Membrane due to Mc (Al3) = Kn(L3)(Mc/((Rm"2)(&)(T)))

=1 1.004711 ) (20 /7 € ¢ 35.9 "~ 2 ) C 1.799321E-02
Yl «22)5Y: )

=-5 psi.

.’dim due to Mc (al4) = Kb(L4)(6(Mc)/((T 2)(Rm)(4)))
=1(.06)(6(C20)/CC.272)(35.9)(
2.636538€-02 ) ) )
=-191 psi.

Membrane due to ML (&l5) = Kn(L5)(ML/((Rm"2)(4)(T)))

=1 ( .5125719 ) (-21660 7 ¢ ( 35.9 "2 ) (
9.298259€-02 ) ( .2 ) ) )

=-464 psi.

Bending due to ML (A16) = Kb(L6)(6(ML)/((T 2)(Rm)(4)))

=1 ( 2.659184E-02 ) ( 6 (21660 ) / ¢ € .2~ 2) (
35.9 ) ( .1113366 ) ) )

=-21617 psi.

Press. stress (&l7) = Dp(Rm)(Iv)/(2(T))
=2 (35.9)C1)/7¢2¢C .2))

= 179 psi.
Stresses Au Al Bu Bl Cu cl Du DL
-al 1 -38 -38 -38 -38 -42 -42 -42 -42
-al 2 -173 173 -173 173 -120 120 -120 120
-al 3 0 0 0 0 5 5 -5 -5
-al 4 0 0 0 0 191 -191 -191 191
L5 464 464 ~464 -464 0 0 0 0
6 21617 -21617 -21617 21617 0 0 0 0
-al 21870 -21018 -22292 - 21288 34 -108 -358 264

....................................................................................................................................




-alt

22049

-20839

-22113

21467

213

71

MAOI . P 105 0F192

=179 443
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Item no. : F#2-EAST S$/o0 no. : .20000
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@

Shear due to VI (&s1)

VL/C4cl(T)
1020 / ( 4 C 17.25) ( .2) )
= 74 psi.

Shear due to Vc (&s2) = Vc/(4(Cc)(T))
=20/ (& C .125)C .2))
=-201 psi.

Shear due to Mt (&s3) = 0 psi.

Stresses Au Al Bu Bl Cu cl Du Dl
-és 1 0 0 0 0 -74 -74 74 74
-&s 2 -201 -201 201 201 0 0 0 0
-&s 3 0 0 0 0 0 0 0 0
-ast -201 -201 201 201 ~74 -74 74 74

- When st = 0

t.) = The larger of :
t

2) alt
3) alt - dct

- When ast < 0

4 (comb.) = The larger of :

1) 0.5[8lt+act+Sqr.((Alt-Act) 2+4(dst"2))]
2) 0.5[lt+act-Sqr.((alt-act) " 2+4(ast"2))]
3) Sqr.((alt-dct) 2+4(4st"2)))

Stresses Au Al Bu Bl Cu cl Du Dl
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STEARNS-ROGER DIV.§ TRANSFORMATION OF COORDINATES PROGRAM
‘ DATE 12-15-1994
TIME 15:38:43

Furnace *2- Easr Por
Jon T #14 - Loap #7

(D(. +SEISINC)  Sh= 115 a2.a05,

VERTICAL VESSEL

NOZZLE ORIENTATION = 202.80 DEG

PIPING LOADS :
FX0 = 200.00 LBS MX0 = -3682.50 FT-LBS
FYO = 400.00 LBS MYO = -2.50 FT-LBS
F20 = 350.00 LBS MZ0 = 415.83 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN
SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

@ -

VC(X)
VL(Y)

-0.03 IN-KIPS
-38.80 [IN-KIPS
21.72 IN-KIPS

0.25 KIPS MC(Y)
0.32 KIPS ML(X)
0.40 KIPS MT(2Z)



PRESSURE VESSEL DESIGN PRO CORP.

‘ HOUSTON TX

nnn.mtnnﬁnmvntcanttmmnﬁmmmmmmnt

-=- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP.

P.0. NO. : 9353001

ITEM NO. : F#2-EAST S/0 NO. : .375

DESIGNER NAME : M.SCHULTZ DATE : 12-19-1994

P e e e e e et bt bbbl
--- Stresses in Cylindrical Shell ---

Attachment Mk. : JT14LD7

M.A.M.P. : 2 psi.
Des. temp. : 100 deg. F

Vessel
L. ID. = 71.25 in. Cyl. mean rad. : 35.8125 in. (corr.)
‘. thk. : 375 in. ( .375 in. (corr.))
terial : SA 36

Allow. stress : 12700 psi.

Attachment

Shape : Rectangular
Cl : 17.25 in.
Cc : .125 in.

Loads & Moments

Radial load P : 250 Lb.
Shear load vc : 320 lb.

Shear load VI : 400 Lb.
Moment Mc :-30 in.-lb.
Moment ML :-38800 in.-lb.
Moment Mt : 21720 in.-lb.

Stress coefficient factors

Kn : 1 Kb : 1 Iv : 1

Cla : 14.69529 cib : 16.23275 C2a : .1946482 C2b : .1438118

C3 : 7.697482E-02 C4 : .1009 c5 : 8.300258 C6 : 1.462491E-02

L1a : 16.83805 L1b : 17.02763 L2a : .1434798 L2b : .1039827
': 3232207 L4 : .06 L5 : .B4346 L6 : 4.130381E-02

K1(Nf) = .91 K1(Nx) : 1.68 K1(Mf) : 1.76 K1(Mx) : 1.2

K2(Nf) : 1.48 K2(Nx) : 1.2 K2(Mf) : .88 K2(Mx) : 1.25

Kc(é) : 1.008052 Kc(Mf) : 1.287217 Kc(Mx) : 1.66028

Cc(Nf) = .15 Cc(Nx) : .44

M-10l, B10& oF 192
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KLCE) : 1.345913  KL(Mf) : 2.104697 KL(Mx) : 1.204513
CL(NS) = .77 ClL(Nx) : .24



Item no. : FA2-EAST $/0 no. : 375 M-10], P. 110 o 192
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‘atric parameters

Gamma = Rm/T = 35.8125 / .375
=95.5

&1x = Cc/Rm = .125 / 35.8125 = 3.490401E-03
&2x = Cl/Rm = 17.25 / 35.8125 = .4816754
&x = 81x/82x = 3.490401E-03 / .4816754 = 7.246377E-03

1.803717e-02
.1961783

6.705466E-02 82 : .03449 &3
2.321776€-02 &5 : 9.320976E-02 &6

a1
84

Circumferential stresses :
| Membrane due to P (&c1) = Kn(C1x)(P/(Rm(T)))
‘ =1(Cix) (250 / (¢ 35.8125 ¢ .375 ) ) )
= 274 psi. ( 302 psi. )

Bending due to P (&c2) = Kb(C2x)(6(P)/(T"2))
=1(C2x)(6(¢250)/¢.375"2))
= 2076 psi. ¢ 1534 psi. )

Membrane due to Mc (&c3) = Kn(C3)(Mc/((Rm~2)(&)(T)))

=1 ( 7.697482E-02 ) (-30 / ( ( 35.8125 " 2 ) (
1.803717-02 ) ¢ .375 ) ) )

=-1 psi.

Bending due to Mc (dc4) = Kb(C4)(6(Mc)/((T 2)(Rm)(&)))

=1(.1009 ) (6 (-30) /¢ C.375 " 2) ( 35.8125 ) (
2.321776E-02 ) ) )

=-156 psi.

Membrane due to ML (&c5) = Kn(C5)(ML/((Rm"2)(&)(T)))

=1 ( 8.300258 ) (-38800 / ( ( 35.8125 "2 ) (
9.320976€-02 ) ¢ .375 ) ) )

=-7185 psi.

Bending due to ML (&cé) = Kb(C6)(6(ML)/((T 2)(Rm)(4)))

=1 ( 1.462491E-02 ) ( 6 (-38800 ) / ¢ ¢ .375 "2 ) (
35.8125 ) ( .1961783 ) ) )

=-3447 psi.

Press. stress (&c7) = Dp(Rm)(Iv)/(T)
=2 (35.8125) (1) / C.375)

= 191 psi.
Stresses Au Al Bu Bl Cu cl Du Dl
-ac 1 -302 -302 -302 -302 -274 -274 =274 -274
-&c 2 -1534 1534 -1534 1534 -2076 2076 -2076 2076
-&c 3 0 0 0 0 1 1 -1 -1
c & 0 0 0 0 156 -156 -156 156
5 7185 7185 -7185 -7185 0 0 0 0
-&c 6 3447 -3447 -3447 3447 0 0 0 0
-8c 8796 4970 -12468 -2506 -2193 1647 -2507 1957
-&p 191 191 191 191 9 191 191 191
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Item no. : F#2-EAST S/o no. : 375
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‘Qtri ¢ parameters

--------------------

&x1 : 3.490401E-03
x2 : .4B16754
&x : 7.246377e-03

&1 : 5.185783E-02 &2 : 5.457154E-02 43 : 1.803717e-02
84 : 2.994676E-02 85 : 9.320976E-02 86 : .1122724

Longitudinal stresses :

Membrane due to P (4l1) = Kn(L1x)(P/(Rm(T)))
=1 (LIx) (250 7 ¢ 35.8125 ( .375 ) ) )
= 313 psi. ( 317 psi. )

Bending due to P (&12) = Kb(L2x)(6(P)/(T"2))
=1 (L2x) (6250 ) /¢ .375°2))
= 1530 psi. C 1109 psi. )

Membrane due to Mc (&Ll3) = Kn(L3)(Mc/((Rm"2)(&)(T)))

=1 ( .3232207 ) (-30 / ¢ ( 35.8125 " 2 ) (
1.803717e-02 ) ¢ .375 ) ) )

=-2 psi.

‘ending due to Mc (&l4) = Kb(L4)(6(Mc)/((T 2)(Rm)(4)))
=1(.06)(6(30)/C(.375"2) (35.8125 ) (
2.994676E-02 ) ) )
=-73 psi.

Membrane due to ML (&L5) = Kn(L5)(ML/((Rm"2)(&)(T)))

=1 ( .84346 ) (-38800 / ( ( 35.8125 " 2 ) (
9.320976€-02 ) ¢ .375 ) ) )

=-731 psi.

Bending due to ML (4l6) = Kb(L6)(6(ML)/((T 2)(Rm)(4)))

=1 ( 4.130381E-02 ) ( 6 (-38800 ) /7 ( ¢ .375 "2 ) (
35.8125 ) ( .1122724 ) ) )

=-17007 psi.

Press. stress (4l7) = Dp(Rm)(Iv)/(2(T))
=2 (35.8125)(1)/7¢C2¢(C .375))

(= 96 psi.

Au Al Bu Bl Cu cl Du Dl
-313 -313 -313 -313 -317 -317 -317 -317
-1530 1530 -1530 1530 -1109 1109 -1109 1109

0 0 0 0 2 2 -2 -2

0 0 0 0 I£) -73 -73 [£]

731 731 =731 =731 0 0 0 0

17007 -17007 -17007 17007 0 0 0 0

15895 -15059 -19581 17493 -1351 71 -1501 863

96 96 96 96 96 96 96 96

------------------------------------------------------------------------------------------------------------------------------------
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-alt 15991 -14963 - 19485 17589 -1255 817 -1405 959




M-10, L2 114 oF 197

Item no. : F#2-EAST s/o no. : 375

B s e e s Sttt b bbbl

‘Il‘ stresses :

--------------

Shear due to VI (as1)

VLZC4CCL)CTY)
400 / ( 4 ¢ 17.25 ) ( .375 ) )
15 psi.

Shear due to Vc (&s2)

Ve/(4(Ce)(T))
320 / (4 C L125) ( 375 ) )
1707 psi.

Shear due to Mt (4s3) = 0 psi.

Stresses Au Al Bu Bl Cu cl Du Dl
-8s 1 0 0 0 0 -15 -15 15 15
-8s 2 1707 1707 -1707 -1707 0 0 0 0
-ds 3 0 0 0 0 0 0 0 0
-dst 1707 1707 -1707 -1707 -15 -15 15 15

-------------------------

- When ast = 0

.coub.) = The larger of :
act

2) alt
3) alt - &ct

- When st < 0

4 (comb.) = The larger of :

1) 0.5[alt+act+Sqr.((alt-act) 2+4(4st"2))]
2) 0.5[alt+act-Sqr.((Alt-dct) 2+4(8st"2))]
3) sqr.((alt-act) "2+4(4st"2)))

Stresses Au Al Bu Bl Cu cl Du Dl



PRESSURE VESSEL DESIGN PRO CORP.

‘ HOUSTON TX

T e e e e R et Lt bbb bl

--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP.

P.0. NO. : 9353001

ITEM NO. : F#2-EAST S/0 NO. : .280

DESIGNER NAME : M.SCHULTZ DATE : 01-10-1995

P T T g e i e ]
--- Stresses in Cylindrical Shell ---

Attachment Mk. : JT14LD7

M.AW.P. @ 2 psi.

Des. temp. : 100 deg. F

Cyl. ID. = 71.44 in. Cyl. mean rad. : 35.86 in. (corr.)

.l. thk. : .28 in. ( .28 in. (corr.))
terial : SA 36

Allow. stress : 12700 psi.

Attachment

Shape : Rectangular
cl : 17.25 in.
Cc : .125 in.

Radial load P : 250 lb.
Shear load vc : 320 |b.
Shear load VI : 400 lb.
Moment Mc :-30 in.-lb.
Moment ML :-38800 in.-lb.

Moment Mt : 21720 in.-lb.

Stress coefficient factors

Kn : 1 Kb : 1 Iv : 1

Cla : 18.34744 Cib : 20.89945 C2a : .1834893 C2b : .1342495

C3 : 7.359894E-02 C4 : .1 €5 : 11.42641 Cé : .0124718

L1a : 21.51096 L1b : 22.21207 L2a : .1317938 L2b : 9.280605E-02
: 553916 L4 : .06 L5 : .3537108 L6 : 3.497706E-02

K1(Nf) = .91 K1(Nx) : 1.68 K1(Mf) : 1.76 K1(Mx) = 1.2

K2(Nf) : 1.48 K2(Nx) : 1.2 K2(Mf) : .88 K2(Mx) : 1.25

Kc(é) : 9839353 Kc(Mf) : 1.244606 Kc(Mx) : 1.57475

Cc(Nf) : .09 Cc(Nx) : .44

M-191, P11S oF 192
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KL(é) : 1.390746 KL(Mf) : 2.089354 KL(Mx) : 1.197391
CL(NS) : .8 CL(NXx) = .07




1719,

Gamma = Rm/T = 35.86 / .28
= 128.0714

&1x = Cc/Rm = .125 / 35.86 = 3.485778E-03
&2x = Cl/Rm = 17.25 / 35.86 = .4810374
éx = &1x/82x = 3.485778E-03 / .4810374 = 7.246377€-03

&1 : 6.696583E-02 62 : 3.444431E-02 &3 : 1.801328E-02
84 : 2.241943E-02 45 : 9.308631E-02 86 : 1944903

Circunferential stresses :

Membrane due to P (&c1) = Kn(C1x)(P/(Rm(T)))
=1(Cix) (250 /7 (35.86( .28)))
= 457 psi. ( 520 psi. )

Bending due to P (4c2) = Kb(C2x)(6(P)/(T"2))
=1(C2x)(6(250)/(.28"2))
= 3511 psi. ( 2569 psi. )

Membrane due to Mc (&c3) = Kn(C3)(Mc/((Rm"2)(4)(T)))

=1 ( 7.359894E-02 ) (-30 / ( ( 35.86 " 2 ) (
1.801328€-02 ) ( .28 ) ) )

=-1 psi.

Bending due to Mc (&c4) = Kb(C4)(6(Mc)/((T 2)(Rm)(4)))
=1(.1)C6(30)/(C(.28"2)(35.8)(
2.241943E-02 ) ) )
=-287 psi.

Membrane due to ML (&c5) = Kn(C5)(ML/((Rm"2)(&8)(T)))

=1 (¢ 11.42641 ) (-38800 / ( ( 35.86 " 2) (
9.308631E-02 ) ( .28 ) ) )

=-13228 psi.

Bending due to ML (&c6) = Kb(CE)(6(ML)/((T 2)(Rm)(4)))

=1 .0124718 ) ( 6 (-38800 ) / ( ¢ .28 ~ 2 ) ( 35.86
) ¢ 1944903 ) ) )

=-5311 psi.

Press. stress (&c7) = Dp(Rm)(Iv)/(T)
=2(35.8)(1)/¢(.28)
= 256 psi.
Stresses Au Al Bu Bl Cu cl Du

P17 or )92




~dct 15706 10222 -21372 -5612 ~3424 3024 -4000 3596
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27690

-2061
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Item no. : F#2-EAST S/0 no. : .280

AR AR R AR AR AR AR R AR AR AR AR AR AR TERAAAR R AR R RS

Shear due to VL (ds1) = VL/(4(CL)(T))
=400 7/ ( 4 ¢ 17.25) ¢ .28) )
= 21 psi.

Shear due to Vc (&s2) = Vc/(4(Cc)(T))
=320/ C4(C .125) ( .28) )
= 2286 psi.

Shear due to Mt (4s3) = 0 psi.

Stresses Au Al Bu Bl Cu cl Du Dl
-a4s 1 0 0 0 0 =21 -21 21 21
-4s 2 2286 2286 -2286 -2286 0 0 0 0
-4s 3 0 0 0 0 0 0 0 0
-ast 2286 2286 -2286 -2286 -21 =21 21 21

- When ast = 0

'onb.) = The larger of :
act

2) alt

3) alt - Act

- When &st <> 0

4 (comb.) = The larger of :

1) 0.5[8lt+act+Sqr.((Alt-act) 2+4(dst"2))]

2) 0.5[alt+adct-Sqr.((Alt-Act) "2+4(dst"2))]
3) sqr.((alt-dct) 2+4(4st"2)))

....................................................................................................................................
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FORM 5007 REV. 4/91
CALCULATION SET NO REV | COMP BY CHK D BY
Raytheon GENERAL
Engirgers & Constructors  COMPUTATION N1 M Loere|C 7 5%
SHEET PRELIM | FINAL VOID 0 DATE TDATE
12/70/49| Ve asT
PROJECT FMC corP
e oF DATE DATE
sussect _SWRRY Por Purae Bracxels o 1353. 9ol

/F‘u,e/v//ce #4-CAST PIT j
JoinT F14 - Loap *& (oL iy

3/89" THIK. SHELL IS OF<.
75" THI, SHECL 1S MINIMOM ALLOWACLE:

NNax. Memprane STRESs (EreormF) L
LiOps) + 18700 751 -S5O ast= 19952ps1 < M(12502)+ 19 250

NMAax, Sorrace Stress (conerr)
705 ps1 + 28/0Sps) = 28310 ps/ < 3(17509) = 52,500

Joird T # 14 -Losp #7 (DL +SElSIS)
38" THK. SHELL 1S Ok
248 " rHK sHELL 1S Nuraniun? ACLOwWABLE :
Maxiravm Memerane Srress (mcomE)
+297 - 667 *+ /8503 = +15133rs/ L /9250 P/ -
—cc7 - 18597 = -19170 % 19,250 ps/

NAxImum  SURFACE Srmexs CLanserr)
- 3912 0rst < 3(17500) = 5z500

)

CRITICAL |.oRD canily) T/ -MIN. JHK. = O.Z44.

APPLIES TO Furnace #*4-EAST pPoT




FORM 5007 REV. 4/91 : p/ZJaF /?2

}.Iniledﬁngineers GENERAL 3 C;;CL/J;T}ONEET NO | REV | comP By C;r; 8y
Betiosn Compi OMPUTATION A % ;E 27
) © SHEET PRELIM | FINAL | - vOID 0 DAT:”ED_ATE?
) 25/ | 1fe5/e

PROJECT _FNZC . CORP I

S o DATE DATE

SUBJECT © (% ACKE 40 4253.00I
FURNACE 74 - £AST POT

Sne= %., & =2117°

X13)=180-2117°= 158.83°
X4 = 180%2117°= 201.17°

W)

f x*

LEr rHESE RUNS ESTALBLISH MIN. THI FOR:

FURNACE #4 -EAST POT




-

SLURRY POT PUMP BRACKET (FMCP-F4E)

* FURNACE 4 - EAST SLURRY POT

SUPPORT REACTIONS -UNIT KIPS INCH

JOINT
13

14

% %k %k % Kk Kk ok kkokkkkk

78.

®

PR By Pt e

MAO P 12¢ oF 172

LOAD LIST 6 TO 8
PRINT JOINT DISPLACEMENTS

END OF LATEST ANALYSIS RESULT **kxkx%xkkkkkkkkx

STRUCTURE TYPE = SPACE
LOAD FORCE-X FORCE-Y  FORCE-Z MOM~-X MOM-Y MOM Z

1 0.02 0.65 0.00 -15.04 0.01 -0.42
2 0.00 0.08 0.00 -2.35 0.00 -0.06
3 0.00 -0.13 0.00 3.01 0.00 0.08
4 -0.24 -0.54 0.46 -34.58 -0.05 -1.83
5 0.00 0.00 -0.22 7.46 -0.01 0.00
6 0.02 0.73 0.00 -17.39 0.01 -0.49
7 0.20 0.99 -0.35 12.40 0.04 1.00
8 0.01 0.59 -0.16 -7.94 0.00 -0.38
1 -0.02 0.89 0.00 -20.28 -0.02 0.11
2 0.00 0.12 0.00 -3.25 0.00 0.01
3 0.00 -0.18 0.00 4.06 0.00 -0.02
4 -0.28 0.54 -0.46 34.58 0.02 -6.52
5 0.00 0.00 -0.31 14.83 0.02 -0.02
' > 0% 0.00 ' - =23.54 -0.02 0.11
=7 0.40 0.35 - -44.19 -0.03 4.99

0.80 =0.23 =7.13 0.00 0.08
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STEARNS-ROGER DIV.J TRANSFORMATION OF COORDINATES PROGRAM

‘ DATE 12-15-1994

TIME 14:52:15

#
) Furnace ' 4 - East Pot
VERTICAL VESSEL  JowT* 14 - LoD # 6

(DLHLL) =115, #2205,

NOZZLE ORIENTATION = 201.17 DEG

PIPING LOADS :
FX0 = -20.00 LBS MX0 = -1961.67 F1-LBS
FYO = 1020.00 LBS MYO = -1.67 FT-LBS
F20 = 0.00 LBS MZ0 = 9.17 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN
|
| SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG
|
\
|

ROTATED AND/OR TRANSLATED LOADS :

|
$

= 0.01 KIPS MC(Y) = -0.02 IN-KIPS
VC(X) = -0.02 KIPS ML(X) = =-21.91 IN-KIPS
VL(Y) = 1.02 KIPS MT(Z) = 8.60 IN-KIPS
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PRESSURE VESSEL DESIGN PRO CORP.

‘ HOUSTON TX

T S 2 asacaaaa i s St b bt bbbttt

-=- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP.

P.0. NO. : 9353001

ITEM NO. : F#4-EAST S/0 NO. : .375

DESIGNER NAME : M.SCHULTZ DATE : 12-19-1994

Lt S it b bt bttt 2t 2t bbbt bt bt bl b bl bl bl b b
--- Stresses in Cylindrical Shell ---

Attachment Mk. : JT14LDé

M.A.M.P. : 2 psi.
Des. temp. : 100 deg. F

Cyl. ID. : 71.25 in. Cyl. mean rad. : 35.8125 in. (corr.)

.vl. thk. : .375 in.  ( .375 in. (corr.))
aterial : SA 516-70

Allow. stress : 17500 psi.

Attachment

Shape : Rectangular
Cl : 16.25 in.
: .125 in.

Loads & Moments

Radial load P : 10 Lb.

Shear load Vc :-20 lb.

Shear load VI : 1020 lb.
Moment Mc :-20 in.-lb.
Moment ML :-21910 in.-lb.
Moment Mt : 8600 in.-lb.

Stress coefficient factors

Kn : 1 Kb : 1 b |
Cla : 14.97504 Cib : 16.25617 C2a : .1985132 C2b : .1460175
C3 : 7.386857E-02 C4 : .1009 C5 : 8.278334 Cé6 : 1.562734E-02
L1a : 17.05382 L1b : 17.16138 L2a : .1464124 L2b : .106738

: .3122448 Lé : .06 L5 : .8214218 L6 : 4.350224E-02
K1(Nf) = .91 K1(Nx) : 1.68 K1(Mf) : 1.76 K1(Mx) : 1.2
K2(Nf) : 1.48 K2(Nx) : 1.2 K2(Mf) : .88 K2(Mx) : 1.25
Kc(é) : 1.007994 Kc(Mf) : 1.286997 Kc(Mx) : 1.659922
Cc(Nf) : .15 Cc(Nx) : .44
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KL(é) : 1.3456 KLCMf) = 2.103761 KL(Mx) : 1.204348
CL(NT) = .77 CL(NX) : .24
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Item no. : F#4-EAST $/o no. : 375

[ 33333223333 s a i et ddd bt A i a d bt bl b bl b b Lt

Gamma = Rm/T = 35.8125 / .375
= 95.5

&1x = Cc/Rm = .125 / 35.8125 = 3.490401E-03
&2x = Cl/Rm = 16.25 / 35.8125 = .4537522
&x = A1x/82x = 3.490401E-03 / .4537522 = 7.692308E-03

3.347821E-02 43 : 1.768167E-02
8.957173E-02 &6 : .1884376

&1 : 6.507067E-02 &2
&4 : 2.275625E-02 &5

Circumferential stresses :

Membrane due to P (&c1) = Kn(C1x)(P/(Rm(T)))
=1(Cix) (10 / (¢ 35.8125 ¢ .375 ) ) )
= 11 psi. ( 12 psi. )

Bending due to P (&c2) = Kb(C2x)(6(P)/(T"2))
=1(¢(C2x)(6C10)/7¢C.375"2))
= 85 psi. ( 62 psi. )

Membrane due to Mc (&c3) = Kn(C3)(Mc/((Rm"2)(8)(T)))

=1 ( 7.386857E-02 ) (-20 / ( ( 35.8125 " 2 ) (
1.768167€-02 ) ¢ .375 ) ) )

=-1 psi.

Bending due to Mc (3c4) = Kb(C4)(6(MC)/((T 2)(Rm)(4)))

=1(.1009 ) C6(¢-20) /(¢ .375 "2 ) ( 35.8125 ) (
2.2756256-02 ) ) )

=-107 psi.

Membrane due to ML (&c5) = Kn(C5)(ML/((Rm"2)(4)(T)))

=1 (8.278334 ) (-21910 /7 ( ( 35.8125 " 2 ) (
8.957173e-02 ) ( .375 ) ) )

=-4211 psi.

Bending due to ML (&c6) = Kb(C6)(6(ML)/((T2)(Rm)(4)))

=1 ( 1.562734E-02 ) ( 6 (-21910 ) / ( ¢ .375 “ 2 ) (
35.8125 ) ( .1884376 ) ) )

=-2166 pei.

Press. stress (4c7) = Dp(Rm)(Iv)/(T)
=2 (35.8125 ) (1) / ( .375)

= 191 psi.-

Au Al Bu Bl Cu cl Du Dl
v =12 12 -12 -12 -1 -1 -1 -1

-62 62 -62 62 -85 85 -85 85

0 0 0 0 1 1 -1 -1

0 0 0 0 107 -107 -107 107

21 211 -4211 -4211 0 0 0 0

2166 -2166 -2166 2166 0 0 0 0

6303 2095 -6451 -1995 12 -32 -204 180







Item no. : FA4-EAST S/0 no. : .375 M-10l, P.130 oFl9Z

ARAAdhhhhdddddddrtrdttddtddtdddddrdrdddbdddtthdddddtrddddbdddrdddddddddrrdrdddddd

‘a-tric parameters

éx1 : 3.490401E-03

éx2 : .4537522

éx : 7.692308E-03

&1 : 5.032752E-02 42 : 5.296022e-02 43 : 1.768167E-02
&4 : 2.935018e-02 &5 : 8.957173e-02 &6 : .1078755

Longitudinal stresses :

Membrane due to P (&l1) = Kn(L1x)(P/(Rm(T)))
=1(LIx) 10/ (35.8125 ¢ .375 ) ) )
= 13 psi. ¢ 13 psi. )

Bending due to P (&12) = Kb(L2x)(6(P)/(T"2))
=Y L2 ) C6 C10 ) 7¢C 305 "2))
= 62 psi. ( 46 psi. )

Membrane due to Mc (&13) = Kn(L3)(Mc/((Rm"2)(&)(T)))

=1 ( 3122448 ) (-20 /7 ( ( 35.8125 " 2 ) (
1.768167E-02 ) ¢ .375 ) ) )

=-2 psi.

‘ending due to Mc (Al4) = Kb(L&)(6(Mc)/C((T 2)(Rm)(4)))
=1(.06)C6(¢20)/7¢C(.375 " 2) (35.8125) (
2.9350186-02 ) ) )
=-50 psi.

Membrane due to ML (A15) = Kn(L5)(ML/C(Rm"2)(4)(T)))

=1 ( .8214218 ) (-21910 / ( ( 35.8125 “ 2 ) (
8.9571736-02 ) ( .375 ) ) )

=-419 psi.

Bending due to ML (&l6) = Kb(L6)(6(ML)/((T 2)(Rm)(4)))

=1 ( 4.350224E-02 ) ( 6 (-21910 ) / ¢ ( .375 "2 ) (
35.8125 ) ¢ .1078755 ) ) )

=-10528 psi.

Press. stress (al7) = Dp(Rm)(Iv)/(2(T))
=2 (358125 ) (1)/7 (2 .375))

= 96 psi.
Stresses Au Al Bu Bl Cu cl Du Dl
-al 1 -13 -13 -13 -13 -13 -13 -13 -13
-al 2 -62 62 -62 62 -46 46 -46 46
-al 3 0 0 0 0 2 2 -2 -2
-al 4 0 0 0 0 50 -50 -50 50
L5 419 419 -419 -419 0 0 0 0
L6 10528 -10528 -10528 10528 0 0 0 0
-al 10872 -10060 -11022 10158 -7 -15 -1 81

....................................................................................................................................



184

10968

-10926

10254

89

81

-15

M-10

P.131 oF |42
177




M-1o| P 132 o192

Item no. : F#4-EAST s/o no. : 375

|
| ear stresses :

Shear due to VL (ds1) = VL/(4(CL)(T))
=1020 / C & € 16.25 ) ( .375) )
= 42 psi.

Shear due to Vc (4s2) = Vc/(4(Cc)(T))
=20 / C 4 C .125) C .375) )
=-108 psi.

Shear due to Mt (4s3) = 0 psi.

Stresses Au Al Bu Bl Cu cl Du Dl
-as 1 0 0 0 -42 -42 42 42
-ds 2 -108 -108 108 108 0 0 0 0
-4s 3 0 0 0 0 0 0 0
-dst -108 -108 108 108 -42 -42 42 42

- When ast = 0

‘(cwb.) = The larger of :
act

2) alt
3) alt - &ct

- When ast < 0

4 (comb.) = The larger of :

1) 0.5[alt+act+Sqr.((Alt-Act) 2+4(dst™2))]
2) 0.5[alt+act-Sqr.((alt-Act) 2+4(dst"2))]

3) sqr.((alt-adct) 2+4(ast"2)))

Stresses Au Al Bu Bl Cu cl Du Dl
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX

Q.m.gmmmcntnmtnantmmmn
--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP.

P.0. NO. : 9353001

ITEM NO. : F#4-EAST S/0 NO. : .175

DESIGNER NAME : M.SCHULTZ DATE : 12-19-1994

b b b b bl e L T T iRt it sty
--- Stresses in Cylindrical Shell ---

Attachment Mk. : JT14LD6

M.AM.P. : 2 psi.
Des. temp. : 100 deg. F

Cyl. ID. : 71.65 in. Cyl. mean rad. : 35.9125 in. (corr.)

l. thk. : 175 in. ( .175 in. (corr.))
terial : SA 516-70

Allow. stress : 17500 psi.

Attachment

Shape : Rectangular
Cl : 16.25 in.
Cc : .125 in.

Radial load P : 10 Lb.

Shear load Vc :-20 Lb.

Shear load VI : 1020 Lb.
Moment Mc :-20 in.-lb.
Moment ML :-21910 in.-lb.
Moment Mt : 8600 in.-lb.

Stress coefficient factors

Kn : 1 Kb : 1 v

Cla : 26.82052 Cib : 31.69997 C2a : .1688022 C2b : .1121872

€3 : .141452 ch 2 .1 C5 : 17.20537 Cé : 9.019107e-03

L1a : 30.63355 L1b : 33.76146 L2a : .1101177 L2b : 7.694434E-02
‘: 1.212499 L4 : 5.994786E-02 L5 : .5868015 L6 : 2.480922E-02

1(Nf) = .91 K1(Nx) : 1.68 K1(Mf) : 1.76 K1(Mx) = 1.2

K2(Nf) : 1.48 K2(Nx) : 1.2 K2(Mf) : .88 K2(Mx) : 1.25

Kc(é) : .9421803 Kc(Mf) : 1.156768 Kc(Mx) : 1.410371

Cc(Nf) : .09 Cc(Nx) : .44

M-1dI, P. 133 oF 142




KL(E) : 1.489136
CL(Nf) = .8

KL(Mf) : 2.073119
ClL(Nx) : .07

KL(Mx) :

1.197231

M-10/,

F134 oF/9Z
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Item no. : F#4-EAST s/o no. : TS

P s e e e S e i e St e b b bbb et d ettt

.eﬂtri c parameters

Gamma = Rm/T = 35.9125 / .175
= 205.2143

&1x = Cc/Rm = .125 / 35.9125 = 3.480682E-03
&2x = CL/Rm = 16.25 / 35.9125 = .4524887
éx = 81x/82x = 3.4B0682E-03 / .4524887 = 7.692308E-03

3.338498E-02 43
8.932231€E-02 86

1.763242E-02
.1851758

41 : 6.488946E-02 &2
84 : 2.039662E-02 &5

Circunferential stresses :

Membrane due to P (&c1) = Kn(C1x)(P/(Rm(T)))
=1(CIx) 10/ (359125 ¢ .175 ) ) )
= 43 psi. ¢ 50 psi. )

Bending due to P (&c2) = Kb(C2x)(6(P)/(T"2))
=1 (C2x)(6C10)/C A5 " 2))
= 331 psi. ( 220 psi. )

Membrane due to Mc (&c3) = Kn(C3)(Mc/((Rm~2)(4)(T)))
=1 ( .141452 ) (-20 / € € 35.9125 " 2 ) (
1.7632426-02 ) ¢ 175 ) ) )

=

Bending due to Mc (&c4) = Kb(C&)(6(Mc)/((T 2)(Rm)(4)))
=1(.1)(C6(¢20) /7 CC 175 "2 ) (35.9125 ) (
2.039662E-02 ) ) )
=-536 psi.

Membrane due to ML (&c5) = Kn(C5)(ML/((Rm"2)(&)(T)))

=1 ( 17.20537 ) (-21910 7 ¢ ¢ 35.9125 " 2 ) (
8.932231€E-02 ) ( .175) ) )

=-18700 psi.

Bending due to ML (acé) = Kb(C6)(6(ML)/((T 2)(Rm)(4)))

=1 ( 9.019107E-03 ) ( 6 (-21910 ) / ¢ € .175 " 2 ) (
35.9125 ) ( .1851758 ) ) )

=-5823 psi.

Press. stress (4c7) = Dp(Rm)(Iv)/(T)
=2 (35.9125) (1) / C .175)

‘= 410 psi.

Stresses Au Al Bu Bl Cu cl Du Dl
-ac 1 -50 ~50 -50 -50 -43 =43 =43 -43
-ac 2 =220 220 -220 220 -331 331 -331 33
-&c 3 0 0 0 0 2 2 -2 -2

4 0 0 0 0 536 -536 -536 536

5 18700 18700 -18700 -18700 0 0 0 0
-&c 6 5823 -5823 -5823 5823 0 0 0 0
-ac 24253 13047 -24793 -12707 164 -246 -912 822
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Item no. : F#4-EAST $/o no. : 175

D e s s et i bt et i s L]

‘aﬂtri c parameters

....................

Gamma = 205.2143

éx1 : 3.480682E-03
8x2 : .4524887
éx : 7.692308e-03

&1 : 5.018737e-02 &2 : 5.281274E-02 &3 : 1.763242E-02
&4 : 2.486826E-02 45 : 8.932231E-02 86 : .1069394

Longitudinal stresses :

Membrane due to P (&l1) = Kn(L1x)(P/(Rm(T)))
=1(LIx) 10/ (35.9125 ¢ .175 ) ) )
= 49 psi. ( 54 psi. )

Bending due to P (&l2) = Kb(L2x)(6(P)/(T"2))
=1 (Ll2x)C6C10)/7C.175"°"2))
= 216 psi. ¢ 151 psi. )

Membrane due to Mc (&l3) = Kn(L3)(Mc/((Rm"2)(&)(T)))

=1 ( 1.212499 ) (-20 / ( ( 35.9125 " 2 ) (
1.763242E-02 ) ¢ 175 ) ) )

=-7 psi.

‘ending due to Mc (&l4) = Kb(L4)(6(Mc)/((T 2)(Rm)(4)))

=1 ( 5.994786E-02 ) ( 6 (-20 ) 7 C C .175 " 2 ) (
35.9125 ) ( 2.486826E-02 ) ) )

=-264 psi.

Membrane due to ML (&l5) = Kn(L5)(ML/((Rm"2)(&)(T)))

=1 ( .5868015 ) (-21910 7 ¢ ( 35.9125 " 2 ) (
8.932231E-02 ) ( .175 ) ) )

=-639 psi.

Bending due to ML (&l6) = Kb(L6)(6(ML)/((T 2)(Rm)(4)))

=1 ( 2.480922E-02 ) ( 6 (-21910 ) 7/ ( ¢ .175 " 2 ) (
35.9125 ) ( .1069394 ) ) )

=-27731 psi.

Press. stress (&l7) = Dp(Rm)(Iv)/(2(T))
=2 (359125 )(C1)/7(C2¢(C .175))

= 205 psi.

Stresses Au Al Bu Bl Cu clL Du
-al 1 -49 -49 -49 -49 -54 -54 -54
-al 2 -216 216 -216 216 -151 151 -151
-al 3 0 0 0 0 7 7 -7
-al 4 0 0 0 0 264 -264 -264

L5 639 639 -639 -639 0 0 0

L6 27731 -27731 -27731 27731 0 0 0
-al 28105 -26925 -28635 27259 66 -160 -476

..........................
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-alt 28310 -26720 -28430 27464 2n 45 -2 559
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Item no. : FA#4-EAST S/ono. : 175

P s e e S e R e e e Sl R bl b e bt bbb L b bl

‘CII" stresses :

--------------

Shear due to VI (ds1) = VL/(4(CL)(T))
=1020 / C 4 € 16.25 ) ¢ .175 ) )
= 90 psi.

Shear due to Vc (8s2) = Vc/(4(Cc)(T))
=20/ (C4& C .125) (¢ .175) )
=-230 psi.

Shear due to Mt (4s3) = 0 psi.

Stresses Au Al Bu Bl Cu cl Du DL
| -és 1 0 0 0 0 -90 -90 90 90
-ds 2 -230 -230 230 230 0 0 0 0
| -8s 3 0 0 0 0 0 0 0 0
-ast -230 -230 230 230 -90 -90 90 90

- When st = 0

(comb.) = The larger of :
act

2) alt

3) alt - Act

- When ast < 0

& (comb.) = The larger of :

1) 0.5[&lt+act+Sqr.((Alt-act) "2+4(dst"2))]
2) 0.5[alt+dct-Sqr.((Alt-dct) 2+4(dst"2))]
3) Sqr.((alt-act) 2+4(ast"2)))

Stresses Au Al Bu Bl Cu cl Du DL

....................................................................................................................................




STEARNS-ROGER DIV.{ TRANSFORMATION OF COORDINATES PROGRAM .

DATE 12-15-1994
TIME 14:57:26

¥4 -
VERTICAL VESSEL i‘{ﬁ’:ﬁiﬁ4 f‘l—o%g.i‘r?POT

""""""""" - (DL+seismic)  S3= 1 15m

NOZZLE ORIENTATION = 201.17 DEG

PIPING LOADS :
FX0 = 200.00 LBS MX0 = -3682.50 FT-LBS
FYO = 400.00 LBS MYO = -2.50 FT-LBS
F20 = 350.00 LBS MZ20 = 415.83 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

P (2) = 0.25 KIPS MC(Y) = -0.03 IN-KIPS
VC(X) = 0.31 KIPS ML(X) = -39.41 [IN-KIPS
VL(Y) = 0.40 KIPS MT(2) = 20.61 IN-KIPS

M-lgf R 140 oF |97
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX

P T T e T S e S s st d d bl st s s e ettt

-=-- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP

P.0. NO. : 9353001

ITEM NO. : F#4-EAST S/0 NO. : .375

DESIGNER NAME : M.SCHULTZ DATE : 12-21-1994

L L L L L L ST
--- Stresses in Cylindrical Shell ---

Attachment Mk. : JT14LD7

M.A.M.P. : 2 psi.
Des. temp. : 100 deg. F

Cyl. ID. : 71.25 in. Cyl. mean rad. : 35.8125 in. (corr.)

'yl. thk. : .375 in. ( .375 in. (corr.))
aterial : SA 516 70

Allow. stress : 17500 psi.

Attachment

Shape : Rectangular
Cl : 16.25 in.
Cc : .125 in.

Radial load P : 250 lb.
Shear load Vc : 310 Lb.
Shear load VI : 400 lb.
Moment Mc :-30 in.-lb.
Moment ML :-39410 in.-lb.
Moment Mt : 20610 in.-lb.

Stress coefficient factors

..........................

Kn : 1 Kb : 1 Iv : 1

Cla : 14.97504 Clb : 16.25617 C2a : .1985132 C2b : .1460175

€3 : 7.386857E-02 C4 : .1009 C5 : 8.278334 C6 : 1.562734E-02

L1a : 17.05382 L1b : 17.16138 L2a : .1464124 L2b : .106738
’: : .3122448 L4 : .06 L5 : .8214218 L6 : 4.350224E-02

K1(Nf) @ .91 K1(Nx) : 1.68 K1(Mf) : 1.76 K1(Mx) : 1.2

K2(Nf) : 1.48 K2(Nx) : 1.2 K2(M{) : .88 K2(Mx) : 1.25

Kc(é) : 1.007994 Kc(Mf) : 1.286997 Kc(Mx) : 1.659922

Cc(Nf) : .15 CCc(NX) : .44

M-lol, P 141 oF /72
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2.103761  KL(Mx) : 1.204348
.24

KL(é) : 1.3456 KL(MT)
CL(NT) = .77 CL(NX)




Item no. : F#4-EAST $/0 mo. : 375 M-101, F 1432 oF /192

ARARARAARRAAARRRARAAA AR TR AR AR AR d At h A dd e d

.«—tric parameters

--------------------

Gamma = Rm/T = 35.8125 / .375
= 95.5

&1x = Cc/Rm = .125 / 35.8125 = 3.490401E-03
&2x = Cl/Rm = 16.25 / 35.8125 = .4537522
éx = &1x/&2x = 3.490401E-03 / .4537522 = 7.692308E-03

&1 : 6.507067€-02 82 : 3.347821E-02 43 : 1.768167E-02
84 : 2.275625E-02 &5 : 8.957173E-02 86 : .1884376

Circumferential stresses :

Membrane due to P (&c1) = Kn(C1x)(P/(Rm(T)))
=1(Cix) (250 /7 ( 35.8125 ( .375 ) ) )
= 279 psi. ( 303 psi. )

Bending due to P (#c2) = Kb(C2x)(6(P)/(T"2))
. =1(C2x)C6¢250)/¢.375"2))
= 2117 psi. ( 1558 psi. )

Membrane due to Mc (&c3) = Kn(C3)(Mc/((Rm"2)(48)(T)))

=1 ( 7.386857E-02 ) (-30 / ( ( 35.8125 " 2 ) (
1.768167E-02 ) ¢ .375 ) ) )

=-1 psi.

Bending due to Mc (&c4) = Kb(C4)(6(Mc)/((T 2)(Rm)(4&)))

=1(.1009 ) (6 (-30) /7 CC.375 " 2) ( 35.8125 ) (
2.275625E-02 ) ) )

=-159 psi.

Membrane due to ML (&c5) = Kn(C5)(ML/((Rm"2)(8)(T)))

=1 ( 8.278334 ) (-39410 / ( ( 35.8125 " 2 ) (
8.957173e-02 ) ( .375 ) ) )

=-7574 psi.

Bending due to ML (&c6) = Kb(C6)(6(ML)/((T 2)(Rm)(4)))

=1 ( 1.562734E-02 ) ( 6 (-39410 ) / C ¢ 375 " 2 ) (
35.8125 ) ( .1884376 ) ) )

=-3895 psi.

Press. stress (&c7) = Dp(Rm)(Iv)/(T)
=2 (35.8125) (1) / (C.375)

= 191 psi.

Stresses Au Al Bu Bl Cu cl Du Dl
-ac 1 ~303 - =303 -303 -303 -279 =279 =279 =279
-&c 2 -1558 1558 -1558 1558 -2117 2117 -2117 2117
-ac 3 0 0 0 0 1 1 -1 -1

4 0 0 0 0 159 -159 -159 159

5 7574 576 -7574 -7574 0 0 0 0
-&c 6 3895 -3895 -3895 3895 0 0 0 0
-&c 9608 4934 -13330 -2424 -2236 1680 -2556 1996
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-dct 9799 5125 -13139 -2233 -2045 1871 -2365 2187
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Item no. : F#4-EAST $/o no. : 375

P e e e e s s i st e b bt bt s e

‘«natri c parameters

éx1 : 3.490401E-03
éx2 : .4537522
éx : 7.692308E-03

&1 : 5.032752e-02 &2 : 5.296022E-02 43 : 1.768167-02
&4 : 2.935018E-02 &5 : 8.957173e-02 &6 : .1078755

Longitudinal stresses :

Membrane due to P (&l1) = Kn(L1x)(P/(Rm(T)))
=1 (Lix) (250 /7 ( 35.8125 ¢ .375 ) ) )
= 317 psi. ( 319 psi. )

Bending due to P (&12) = Kb(L2x)(6(P)/(T"2))
=1(L2Xx)(6(¢250)/¢.375"2))
= 1562 psi. ¢ 1139 psi. )

Membrane due to Mc (&l3) = Kn(L3)(Mc/((Rm 2)(&)(T)))

=1 ( .3122448 ) (-30 / ( ( 35.8125 "2 ) (
1.768167€-02 ) ¢ .375 ) ) )

=-2 psi.

‘onding due to Mc (&14) = Kb(L4)(6(Mc)/((T 2)(Rm)(4)))
=1(.06)(C6(30)/C(.375"2) (35.8125 ) (
2.935018E-02 ) ) )
=-74 psi.

Membrane due to ML (&l5) = Kn(L5)(ML/((Rm~2)(4)(T)))

=1 ( .8214218 ) (-39410 /7 ( ( 35.8125 "2 ) (
8.957173e-02 ) ( .375 ) ) )

=-752 psi.

Bending due to ML (41l6) = Kb(L6)(6(ML)/((T 2)(Rm)(4)))

=1 ( 4.350224E-02 ) ( 6 (-39410 ) 7/ C ( .375 "2 ) (
35.8125 ) ( .1078755 ) ) )

=-18935 psi.

Press. stress (4l7) = Dp(Rm)(Iv)/(2(T))
=2 (35.8125) (1)/7(C2( .375))

= 96 psi.

Stresses Au Al Bu Bl Cu cl Du Dl
-al 1 -317 -317 -317 -317 -319 -319 -319 -319
-al 2 -1562 1562 -1562 1562 -1139 1139 -1139 1139
-3l 3 0 0 0 0 2 2 -2 -2
-4l 4 0 0 0 0 74 -74 -74 74

L5 752 752 =752 -752 0 0 0 0

() 18935 -18935 -18935 18935 0 0 0 0
-al 17808 -16938 -21566 19428 -1382 748 -1534 892



-alt

17904

-16842

-21470

19524

-1286

M-101,

-1438
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Item no. : FR4L-EAST $/o no. : 375

‘ ARAARRRAAArdththdRd i ddddhdhhddddddddddddddhddbdddddddddddrddbddddddddbdddddbdd

‘elr stresses :

Shear due to VL (as1)

VL/(4CCL)(T))
400 / C 4 € 16.25 ) ( .375 ) )
16 psi.

Shear due to Vc (4s2) = Ve/(4(Cc)(T))
310 / C 4 C 125 ) C 375 ) )
1653 psi.

Shear due to Mt (4s3) = 0 psi.

Stresses Au Al Bu Bl Cu cl Du DL
-as 1 0 0 0 0 -16 -16 16 16
-8s 2 1653 1653 -1653 -1653 0 0 0 0
-ds 3 0 0 0 0 0 0 0 0
-ast 1653 1653 -1653 -1653 -16 -16 16 16

- When ast = 0

'(conb.) = The larger of :
) dct

2) alt
3) alt - &ct

- When ast < 0

4 (comb.) = The larger of :

1) 0.5[&lt+dct+Sqr.((Alt-act) 2+4(ast"2))]
2) 0.5[alt+act-Sqr.((Alt-Act) 2+4(dst"2))]
3) sqr.((alt-act) "2+4(ast"2)))

Stresses Au Al Bu Bl Cu cl Du DL
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX
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--= COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP

P.0. NO. : 9353001

ITEM NO. : F#4-EAST S/0 NO. : .245

DESIGNER NAME : M.SCHULTZ

RRARARAAARAAARAAAAAARAAARAAR AR AAAA SRR ARttt ddd bt ddddd b ddddddddhddd

--- Stresses in Cylindrical Shell ---
Attachment Mk. : JT14LD7

M.A.M.P. : 2 psi.
Des. temp. : 100 deg. F

Cyl. ID. : 72.51 in.

L. thk. : .245 in.
aterial : SA 516 70

Allow. stress : 17500 psi.

( .245 in. (corr.))

Attachment

Shape : Rectangular
16.25 in.
.125 in.

Radial load P : 250 Lb.
Shear load Ve : 310 lb.
Shear load VI : 400 Lb.
Moment Mc :-30 in.-lb.
Moment ML :-39410 in.-lb.
Moment Mt : 20610 in.-lb.

Kn : 1 Kb : 1 Iv : 1
Cla : 21.02693 Cib : 23.78591 C2a : .1816435
C3 : 8.466295E-02 C4 : .1 C5 : 13.42208

L1a : 26.78852  L1b : 25.80077 L2a : .127991

‘ : .665332 L4 : .06 L5 : .4113222
K1(NE) = .91 K1(NX) : 1.68 K1(ME) : 1.76
K2(Nf) : 1.48 K2(NX) : 1.2 K2(Mf) : .88
Kc(é) : 9728607 Kc(Mf) : 1.221228  Kc(Mx) : 1.531042
Cc(Nf) : .09 Cc(Nx) : .44

DATE : 01-25-1995

Cyl. mean rad. : 36.3775 in. (corr.)

C2b :

. 1329535

C6 : 1.188602E-02
L2b : 8.952862E-02
L6 : 3.378801E-02

K1(Mx)
K2(Mx)

1.2
1.25

M-1ol, 2 | €€ oF /92
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KLCE) : 1.416515 KL(Mf) : 2.084379 Kl(Mx) : 1.197231
CL(Nf) : .8 ClL(Nx) = .07
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Item no. : F#4-EAST S/0 no. : .245

AR AR AR AR AR AR AR AR AR AR AR AR ARAAARAARAR AR AT ARA AT AT R R b d b S

Gamma = RW/T = 36.3775 / .245
= 148.4796

&1x = Cc/Rm = .125 / 36.3775 = 3.43619€-03
&2x = CL/Rm = 16.25 / 36.3775 = 4467047
éx = 81x/82x = 3.43619E-03 / .4467047 = 7.692308E-03

41 : .06406 42 : 3.295823e-02 &3
&4 : 2.125795€-02 &5 : 8.818053e-02 &6

1.740703€-02
.1838016

Circumferential stresses :

Membrane due to P (&c1) = Kn(C1x)(P/(Rm(T)))
=1(Clx) (250 7/ ¢ 36.3775 ( .245 ) ))
= 590 psi. ( 667 psi. )

Bending due to P (&c2) = Kb(C2x)(6(P)/(T"2))
=1 (C2x ) (6 (250 )/ (C .245 "2))
= 4539 psi. ( 3322 psi. )

Membrane due to Mc (&c3) = Kn(C3)(Mc/((Rm 2)(4)(T)))
= 1 ( 8.466295E-02 ) (-30 / ( ¢ 36.3775 "2 ) (
1.740703E-02 ) ( .245 ) ) )

i o

Bending due to Mc (4c4) = Kb(C4)(6(Mc)/((T 2)(Rm)(4)))
=10.1)C6(-30) /7 CC.265"2) (363775 ) (
2.125795€-02 ) ) )
=-389 psi.

Membrane due to ML (4c5) = Kn(C5)(ML/((Rm 2)(&)(T)))

=1 ( 13.42208 ) (-39410 7 ( ¢ 36.3775 "2 ) (
8.818053E-02 ) ( .245 ) ) )

=-18503 psi.

Bending due to ML (4c6) = Kb(CE)(6(ML)/((T 2)(Rm)(4)))

=1 ( 1.188602E-02 ) ( 6 (-39410 ) /7 ¢ ¢ .245 " 2 ) (
36.3775 ) ( .1838016 ) ) )

=-7004 psi.

Press. stress (&c7) = Dp(Rm)(Iv)/(T)
=2 (363775 ) (1) / ( .245)

(= 297 pei.
Au Al Bu Bl Cu cl Du Dl
-667 -667 =687 -667 -590 -590 -590 -590
-3322 3322 -3322 3322 -4539 4539 -4539 4539
0 0 0 0 1 1 -1 -1
0 0 0 0 389 -389 -389 389
. 18503 18503 =18503 -18503 0 0 0 0
7004 -7004 -7004 7004 0 0 0 0
21518 14154 -29496 -8844 -4739 3561 -5519 4337
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Item no. : F#4-EAST S/0 no. : .245

ARARAR AR R AR AR AR AR AR A AR d AR R AR R AR AR AR R R AR R

éx1 : 3.43619€-03
8x2 : .446T04T
éx : 7.692308E-03

5.213766€-02 43 : 1.740703e-02

&1 : 4.954584E-02 &2
&5 : 8.818053e-02 86 : .1055724

84 : 2.665089E-02

Longitudinal stresses :

Membrane due to P (&l1) = Kn(L1x)(P/(Rm(T)))
=1 (LIx ) (250 / ¢ 36.3775 ( .245 ) ) )
= 695 psi. ( 724 psi. )

Bending due to P (4l2) = Kb(L2x)(6(P)/(T"2))
=1 (L2x) (6(250 )/ (.25 " 2))
= 3198 psi. ( 2237 psi. )

Membrane due to Mc (4l3) = Kn(L3)(Mc/((Rm"2)(&)(T)))

=1 ( .665332 ) (-30 7/ C ( 363775 “2) (
1.740703€-02 ) ( .245 ) ) )

=-5 psi.

| ‘ding due to Mc (&l4) = Kb(L4)(6(Mc)/((T 2)(Rm)(4)))

=1(.06) C6(-30)/C(.245"2) (363775 ) (
2.665089E-02 ) ) )

=-187 psi.

Membrane due to ML (&15) = Kn(L5)(ML/C(Rm"2)(&)(T)))
=1 4113222 ) (-39410 / ¢ ¢ 36.3775 "2 ) (
8.818053E-02 ) ( .245 ) ) )
| =-568 psi.

~ Bending due to ML (&16) = Kb(L6)(6(ML)/((T 2)(Rm)(4)))

=1 ( 3.378801E-02 ) ( 6 (-39410 ) / ( ( .245 ~ 2 ) (
| 36.3775 ) ( .1055724 ) ) )

| =-34659 psi.

Press. stress (&l7) = Dp(Rm)(Iv)/(2(T))
=2 (363775 ) (1) /7 C2¢( .265))

= 148 psi.

Stresses Au Al Bu Bl Cu cl Du Dl
-al 1 -695 -695 -695 -695 -724 ~724 -724 -724
-8l 2 -3198 3198 -3198 3198 -2237 2237 -2237 2237
-al 3 0 0 0 0 5 -5 -5
-al 4 0 0 0 0 187 -187 -187 187

5 568 568 -568 -568 0 0 0

6 34659 -34659 -34659 34659 0 0 0 0
-al 31334 -31588 -39120 36594 -2769 1331 -3153 1695



-alt

31482

~31440

-38972

36742

-2621

1479

-3005

M-10I. P 153 o 192
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Item no. : F#4-EAST S/o no. : .245

AARRREAREARAARERA AR AAAA AR AR AR AR A AR AR A AR AR AR AR AR R R A

‘!l‘ stresses :

Shear due to VI (4s1)

VL/C4CCLY(T))
=400 / (& C 16.25 ) ( .245) )
= 25 psi.

Shear due to Vc (4s2) = Vc/(4(Cc)(T))
=310/ C4& C 125 ) ¢ .245 ) )
= 2531 psi.

Shear due to Mt (&s3) = 0 psi.

/M-101, 15 &orF |12

Stresses Au Al Bu Bl
-és 1 0 0 0 0
-4s 2 2531 2531 -2531 -2531
-as 3 0 0 0 0
-ast 2531 2531 -2531 -2531

- When st = 0

comb.) = The larger of :
act

2) alt

3) alt - &ct

- When 4st < 0

4 (comb.) = The larger of :

1) 0.5[alt+dct+Sqr.((Alt-Act) 2+4(4st"2))]
2) 0.5[alt+dct-Sqr.((Alt-Act) 2+4(dst™2))]
3) sqr.((alt-act) "2+4(dst"2)))

Stresses Au Al Bu Bl

....................................................................................................................................

Du DL

25 25

0 0

0 0

25 25

Du Dl
-5223 4634

....................................................................................................................................



FORM 5007 REV. 4/91 . LI5S o0c/92
CALCULATION SET NO Rev| comp By [ crkD BY

Raytheon GENERAL
Engiibers & Constructors  COMPUTATION NM-/O/ ML VDSl
SHEET PRELIM | FINAL | voD | O DATE T
12/29/2y i/zsj?s'
PROJECT FMC. CaRP
SreEs OF DATE DATE
sussect SLURRY Por [Fume [SrackeZs o 9355.00/

7/5‘0/?/\//7(5 - WEST PoT /
Jomwr %6 - Loap *& __(bLrcL)
g " rx. SHELL IS OK.

190" THK, SHELL 1S Murimion? ALLOWALLE
Max, Memenrane STRezs € I1Rcon?F;)
328 P51+ 1898ps) = /5366 Pst 22 | /(07500) = 19,2508,
Mhx, SurFAce STwec= (Lorerr,)
|89es1 + 5232clps1= 54550t % 36(/7500)=52,50‘0/_

Jomwr Fé - Loao #E (oL +seismic)
8" rHw. SHeL 1S Ok,

315 Y Tk, SHELC 1S Mniimund ALLOWABLE ¢
Nax, Menmsamve STress (cumeons)
326ps) - 548051 +/6,08 Zm=158¢dks1 < |.1(17500)=19,250;
-548es - /é o82p = =/ 6,630 -+
Meax SurFace Strezs LovsalT)
a5y ==5222/ ps1 € 3.0(17500) <52,509

\

L CrITIcA LOAD CONDITION -/ IV, THA = O, 720”

APl IEs o FURVACE #4- WesT 0T




FORM 5007 REV. 4891

P10 or 92

United Engineers GENERAL
& Constructors COMPUTATION
i SHEET

prOJECT _ FIMIC, CORRP

CALCULATION SET NO

- M-10]

REV| COMP BY CHK'D BY

PRELIM FINAL

VOID 0

/3{£ﬁz:LfZZZQé§F
DATE DATE

12/if.2| R SLas

r

P'-3c0°- 12.53° =247.47°

SHEET OF DATE DATE
sussect SLURRY [T Purme LRracels o 9353.001
FURNACE #4 - WEST POT ,
A X
Lo
©)
,, 3¢"
14.198
el s s__"z”
7913" /
@ 4
/ Swe-EE o.239°
Sme - 22 p-12s3°




A4

SLURRY POT PUMP BRACKET (FMCP~-F4W) B - T -y
* FURNACE NO 4 - WEST POT M'/a// ﬂ/é/ e /72

‘ SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE = SPACE

JOINT LOAD FORCE-X FORCE-Y  FORCE-2Z MOM-X MOM~-Y MOM Z
1 0.00 0.48 0.00 10.75 0.00 0.00
2 0.00 0.10 0.00 227 0.00 0.00

3 0.00 -0.10 0.00 -2.15 0.00 0.00

4 -0.19 0.42 -0.26 9.64 1.42 0.01

5 0.00 0.00 -0.16 -3.66 0.00 0.00

6 0.00 0.58 0.00 13.02 0.00 0.00

7 (Deamg-0. 14 0.75 -0.20 16.91 1407 0.00

8 0.14 0«12 0.20 2.44 =107 -0.01

9 0.00 0.44 0.12 12.42 0.00 0.00

6 1 0.00 0.78 0.00 15.96 0.00 0.00
2 0.00 0.10 0.00 2.08 0.00 0.00

3 0.00 -0.16 0.00 -3.19 0.00 0.00

4 -0.24 -0.42 0.26 -8.79 1.62 0.01

5 0.00 0.00 -0.26 -6.19 0.00 0.00
6(DLrtl) 0.00 0.88 0.00 18.03 0.00 0.00

7 -0.18 0.38 0.20 Tall 121 0.01

8 (bLrsay) 0.18 1.02 -0.20 20.96 -1.21 -0.01

9 0.00 0.70 0.20 19.01 0.00 0.00

kkkkkkkkkkkkkx END OF LATEST ANALYSIS RESULT ***kkkkkkkkkkk

. 70. LOAD LIST 1 TO 5
71. PRINT JOINT DISPLACEMENTS LIST 3 4




M-101,

STEARNS-ROGER DIV.§ TRANSFORMATION OF COORDINATES PROGRAM

. DATE 12-15-199%

TIME 14:46:18

Furnace ¥4 - WesT PoT

VERTICAL VESSEL
............... JoinT ¥ G -Loap ¥6
(DL +LL)
NOZZLE ORIENTATION = 347.47 DEG
PIPING LOADS :
FX0 = 0.00 LBS MX0 = 1502.50 FT-LBS
FYO = 880.00 LBS MYO = 0.00 FT-LBS
F20 = 0.00 LBS MZ0 = 0.00 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN
SECONDARY ROTATION AROUND HORIZONTAL =  0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

‘ P (2)

= 0.00 KIPS MC(Y) = 0.00 IN-KIPS
VC(X) = 0.00 KIPS ML(X) = -17.60 IN-KIPS
VL(Y) = 0.88 KIPS MT(2Z) = -3.91 IN-KIPS

R 162 oF 192
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PRESSURE VESSEL DESIGN PRO CORP.

‘ HOUSTON TX
L L

--=- COMPUTATION OF LOCAL STRESSES ---
CUSTOMER NAME : FMC CORP
P.0. NO. : 9353.001
ITEM NO. : F#&-WEST S/0 NO. : .375
DESIGNER NAME : M.SCHULTZ DATE : 12-20-1994
FRRdh R et r A r R d ARt d Rt R d R d R d R R Rk bk ik
--- Stresses in Cylindrical Shell ---

Attachment Mk. : JT6LDé

Vessel

Cyl. ID. : 71.25 in. Cyl. mean rad. : 35.8125 in. (corr.)
L. thk. = 375 in. ( .375 in. (corr.))

aterial : SA 516 70

Allow. stress : 17500 psi.

Attachment

Shape : Rectangular
Cl : 7.75 in.

Cc : .1875 in.

Radial load P : 0 Lb.

Shear load Vc : 0 Llb.

Shear load VI : 880 Lb.
Moment Mc : 0 in.-Llb.
Moment ML :-17600 in.-lb.
Moment Mt :-3910 in.-1lb.

Stress coefficient factors

..........................

Kn:s: 1 Kb : 1 Iv : 1
Cla : 16.4399 Cib : 16.78083 C2a : .218978 C2b : .1604909
C3 : 7.754372E-02 C4 : .1009 Cc5 : 7.252811 Cé : 2.568189€-02
Lla : 17.85809 L1b : 17.25823 L2a : .1679735 L2b : .1235527
| : .3252309 L4 : .06 L5 : .6576346 Lé : 6.549262E-02
‘ K1(Nf) = .91 K1(Nx) : 1.68 K1(Mf) : 1.76 K1(Mx) : 1.2
K2(Nf) : 1.48 K2(Nx) : 1.2 K2(Mf) : .88 K2(Mx) : 1.25
Kc(é) : 1.005836 Kc(Mf) : 1.278839 Kc(Mx) : 1.646668
Cc(Nf) : .15 Cc(Nx) : .44




M-101, P 16S oF 192

KL(é) : 1.334016 KL(Mf) : 2.069142 Kl(Mx) : 1.198229
CL(Nf) = .77 ClL(NX) : .24




Item no. : FH#4-WEST $/o no. : 375

P e e e et b b bt bl

‘r‘tric parameters

Gamma = Rm/T = 35.8125 /7 .375
=95.5

&1x = Cc/Rm = .1875 / 35.8125 = 5.235602E-03
&2x = CL/Rm = 7.75 / 35.8125 = .2164049
éx = &1x/&2x = 5.235602E-03 / .2164049 = 2.419355E-02

1.810228€-02
.1295062

&1 : 5.468157E-02 62 : 2.84048BE-02 43
&4 : .0231499 45 : 6.258932E-02 &6

Circunferential stresses :

Membrane due to P (&c1) = Kn(C1x)(P/(Rm(T)))
=1(CIx)(0/ (35.8125 ¢ .375 ) ) )
= 0 psi. (0 psi. )

Bending due to P (&c2) = Kb(C2x)(6(P)/(T"2))
=1(C2x)(6C0)/(C.375"2))
= 0 psi. (0 psi. )

Membrane due to Mc (&c3) = Kn(C3)(Mc/((Rm"2)(&)(T)))

=1 ( 7.754372E-02 ) ( 0/ ( ( 35.8125 " 2 ) (
1.810228£-02 ) ¢ .375 ) ) )

= 0 psi.

Bending due to Mc (&c4) = Kb(C4)(6(Mc)/((T 2)(Rm)(4)))

=1(.1009 ) (6 (0)/ C(C.375 "2 ) (35.8125 ) (
.0231499 ) ) )

= 0 psi.

Membrane due to ML (&c5) = Kn(C5)(ML/((Rm"2)(&)(T)))

=1 ( 7.252811 ) (-17600 7 ( ( 35.8125 " 2 ) (
6.258932E-02 ) ( .375 ) ) )

=-4242 psi.

|
|
| Bending due to ML (&c6) = Kb(C6)(6(ML)/((T 2)(Rm)(4)))
1 =1 ( 2.568189€-02 ) ( 6 (-17600 ) / ¢ ¢ .375 " 2 ) (
| 35.8125 ) ( .1295062 ) ) )

=-4159 psi.

Press. stress (&c7) = Dp(Rm)(Iv)/(T)
=2 (35.8125) (1) 7/ ( .375)

= 191 psi.
Stresses Au Al Bu Bl Cu cl Du
| nceneneenen e @ e e e n e e s e e w e et e e e e e e e e e e e e e e e o e e e e e e e e
1 -dc 1 0 0 0 0 0 0 0
-4c 2 0 0 0 0 0 0 0
‘ -éc 3 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0
5 4242 4242 ~4242 ~4242 0 0 0
| ~éc 6 4159 4159 -4159 4159 0 0 0
| -éc 8401 a3 -8401 -83 0 0 0

M-10/ Ri1cc arlIZ




........................................
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-------------
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Item no. : F#4-WEST S/o no. : 375

e S s 2t e s a2 P 2 S S b b bt bl bbb b il bl bbbl b b bbb b i

éx1 : 5.235602E-03
x2 : .2164049
éx : 2.419355e-02

1.810228€-02
7.499635E-02

&1 : 4.241911E-02 &2 : 4.4608B4E-02
&4 : 2.980845E-02 &5 : 6.258932E-02

& &

Longitudinal stresses :

Membrane due to P (&l1) = Kn(L1x)(P/(Rm(T)))
=1(L1x) (0 /(358125 (.375)))
=0 psi. ¢ 0 psi. )

Bending due to P (&l2) = Kb(L2x)(6(P)/(T°2))
=1 (Ll2Xx)(C6C0)/ (C.375"2))
= 0 psi. ¢ 0 psi. )

Kn(L3)(Mc/((Rm~2)(&)(T)))
1 .3252309 ) ( 0/ C ( 35.8125 " 2 ) (
1.810228e-02 ) ¢ .375 ) ) )

= 0 psi.

Membrane due to Mc (&l3)

Qﬂim due to Mc (&l4) = Kb(L4)(6(Mc)/((T 2)(Rm)(&)))
=1(.06)(6C0)/ CC.375 " 2) (35.8125 ) (
2.980845E-02 ) ) )
= 0 psi.

Membrane due to ML (&l5) = Kn(L5)(ML/((Rm"2)(&)(T)))

=1 ( .6576346 ) (-17600 7 ( ( 35.8125 ~ 2 ) (
6.2589326-02 ) ( .375 ) ) )

=-386 psi.

Bending due to ML (l6) = Kb(L6)(6(ML)/((T 2)(Rm)(4)))

=1 ( 6.549262E-02 ) ( 6 (17600 ) / ( ¢ 375 " 2 ) (
35.8125 ) ( 7.4996356-02 ) ) )

=-18312 psi.

Press. stress (4l7) = Dp(Rm)(Iv)/(2(T))
=2 (35.8125 ) (1)/7(C2¢( .375))




M-10] P 169 oF]9Z

-alt 18794 -17830 -18602 18022 96 96 96 96




M-lol, RI1700F172

Item no. : F#4-WEST S/o no. : 375

B S a R a R e L i b b bbb b bbbl i

‘ear stresses :

Shear due to VI (ds1) = VL/(4(CL)(T))

=880/ C4&C7.75)(C.375))

= 76 psi.
Shear due to Ve (4s2) = Vc/(4(Cc)(T))

=0/ (4 .1875) (C .375))

= 0 psi.
Shear due to Mt (4s3) = 0 psi.
Stresses Au Al Bu Bl Cu cl Du Dl
-&s 1 0 0 0 0 -76 -76 76 76
-as 2 0 0 0 0 0 0 0 0
-és 3 0 0 0 0 0 0 0 0
-ast 0 0 0 0 -76 -76 76 76

- When ast = 0

(comb.) = The larger of :
act

2) alt

3) alt - &ct

- When ast < 0

4 (comb.) = The larger of :

1) 0.5[alt+act+Sqr.((Alt-Act) "2+4(Ast"2))]
2) 0.5[alt+act-Sqr.((Alt-dct) 2+4(4st"2))]
3) sqr.((alt-dct) "2+4(4st"2)))

Stresses Au Al Bu Bl Cu cl Du Dl

....................................................................................................................................

....................................................................................................................................
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PRESSURE VESSEL DESIGN PRO CORP.
HOUSTON TX

‘ ‘«“tmntnttmntmnmamtottmmtttmnc

--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP

P.0. NO. : 9353.001

ITEM NO. : F#&-MEST S/0 NO. : .190

DESIGNER NAME : M.SCHULTZ DATE : 12-20-1994

St e e R
--- Stresses in Cylindrical Shell ---

Attachment Mk. : JT6LD6

M.A.M.P. : 2 psi.
Des. temp. : 100 deg. F

Cyl. ID. : 71.62 in. Cyl. mean rad. : 35.905 in. (corr.)

t. thk. : .19 in. ( .19 in. (corr.))
terial : SA 516 70

Allow. stress : 17500 psi.

Attachment

Shape : Rectangular
cl : 7.75 in.
: L1875 in.

Radial load P : 0 Llb.

Shear load Ve : 0 Lb.

Shear load VI : 880 lb.
Moment Mc : 0 in.-Llb.
Moment Ml :-17600 in.-lb.
Moment Mt :-3910 in.-lb.

Stress coefficient factors

..........................

Kn: 1 Kb : 1 Iv : 1

Cla : 27.8891 C1b : 30.90211 C2a : .1897126 C2b : .13024%96

C3 : .1311907 [ | C5 : 16.4961 C6 : 1.585486E-02

Lia : 31.29509 L1b : 32.82476 L2a : 1357579 L2b : 9.411623E-02
"o : 1.104026 Lé : .06 L5 : .4582869 L6 : 0473144

1(Nf) = 9 K1(Nx) : 1.68 K1(Mf) : 1.76 K1(Mx) : 1.2

K2(Nf) : 1.48 K2(Nx) = 1.2 K2(Mf) : .88 K2(Mx) : 1.25

Kc(é) : .9507444 Kc(Mf) : 1.169942 Kc(Mx) : 1.436777

Cc(Nf) : .09 Cc(Nx) : .44

M0,

P 171 oF 192
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KL(&) = 1.45265 KL(Mf) = 2.042313 Kl(Mx) : 1.19129
CL(Nf) = .8 CL(NXx) : .07
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Gamma = Rm/T = 35.905 / .19
= 188.9737

&1x = Cc/Rm = .1875 / 35.905 = 5.222113-03
&2x = CL/Rm = 7.75 / 35.905 = .2158474
éx = &1x/62x = 5.222113€-03 / .2158474 = 2.419355E-02

&1
&b

5.454069€-02 &2 : .0283317 43 : 1.805565E-02
2.112406€-02 &5 : 6.242807E-02 86 : 1274977

Circumferential stresses :

Membrane due to P (&c1) = Kn(C1x)(P/(Rm(T)))
=1(CIx)(C0/ (35905 ¢( .19)))
= 0 psi. ( 0 psi. )

Bending due to P (&c2) = Kb(C2x)(6(P)/(T72))
=1(C2x)(6C0)/C.197°2))
=0 psi. (0 psi.)

Membrane due to Mc (&c3) = Kn(C3)(Mc/((Rm"2)(4)(T)))

1 .1311907 ) ( 0/ ¢ ¢ 35.905 ~ 2 ) ( 1.805565€-02

3C.19)))

0 psi.

Bending due to Mc (ac4) = Kb(C4)(6(Mc)/((T"2)(Rm)(&)))
=1¢.1)C6¢0) 7 CC.19"2)( 35.905 ) (
2.112406E-02 ) ) )

= 0 psi.

Membrane due to ML (&c5) = Kn(C5)(ML/((Rm"2)(&)(T)))

=1 ( 16.4961 ) (-17600 / ( ( 35.905 "2 ) (
6.242807€-02 ) ¢ .19 ) ) )

=-18988 psi.

Bending due to ML (&cé) = Kb(C6)(6(ML)/((T"2)(Rm)(4)))

=1 ( 1.585486E-02 ) ( 6 (-17600 ) /7 ( ¢ .19 " 2 ) (
35.905 ) ( 1274977 ) ) )

=-10132 psi.

Press. stress (4c7) = Dp(Rm)(IV)/(T)
=2 (35.905)C1)/¢(.19)

- = 378 psi.
Stresses Au Al Bu Bl Cu clL Du Dl
-dc 1 0 0 0 0 0 0 0 0
-dc 2 0 0 0 0 0 0 0 0
-dc 3 0 0 0 0 0 0 0 0
<dc 4 0 0 0 0 0 0 0 0
‘¢ 5 18988 T 18988 -18988 -18988 0 0 0 0
%ac 6 10132 -10132 -10132 10132 0 0 0 0
-dc 29120 8856 -29120 -8856 0 0 0 0
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Item no. : F#&-WEST S$/0o no. : .190

P s e S e e et bt b b bl

.a:tric parameters

Gamma = 182.9737

éx1 : 5.222113g-03
éx2 : .2158474
éx : 2.419355E-02

&1 : 4.230982E-02 82 : 4.449391E-02 43 : 1.805565E-02
84 : 2.594194E-02 &5 : 6.242807E-02 86 : 7.436996E-02

Longitudinal stresses :

Membrane due to P (&l1) = Kn(L1x)(P/(Rm(T)))
=1(LIx) 0/ (35.905 ¢ .19)))
=0 psi. (0 psi. )

Bending due to P (&12) = Kb(L2x)(6(P)/(T"2))
=1(L2Xx)C6C0)/C.19°2))
= 0 psi. € 0psi.)

Membrane due to Mc (3l3) = Kn(L3)(Mc/((Rm~2)(&)(T)))

=1 1.104026 ) ( 0 / ( ¢ 35.905 ~ 2 ) ( 1.805565E-02
) C.19)))

= 0 psi.

‘nding due to Mc (4l4) = Kb(L4)(6(Mc)/((T 2)(Rm)(4)))
=1(.06)(6C0)/CC.1972) (35.905) (
2.594194E-02 ) ) )
= 0 psi.

Membrane due to ML (4l5) = Kn(L5)(ML/((Rm"2)(&)(T)))

=1 ( .4582869 ) (-17600 / ¢ ( 35.905 " 2 ) (
6.242807€-02 ) ¢ .19 ) ) )

=-528 psi.

Bending due to ML (&l6) = Kb(L6)(6(ML)/((T 2)(Rm)(&)))

=1 ( 0473144 ) ( 6 (-17600 ) / C ¢ .19 ~ 2 ) ( 35.905
) ( 7.436996E-02 ) ) )

=-51833 psi.

Press. stress (&l7) = Dp(Rm)(Iv)/(2(T))
=2 (35.905)(C1)/7(¢2¢(C .19))

‘= 189 pei.

Stresses Au Al Bu Bl Cu cl Du Dl
-al 1 0 0 0 0 0 0 0 0
-al 2 0 0 0 0 0 0 0 0
-al 3 0 0 0 0 0 0 0 0
-al 4 0 0 0 0 0 0 0 0
L5 528 528 -528 -528 0 0 0 0
6 51833 -51833 -51833 51833 0 0 0 0
-al 52361 -51305 -52361 51305 0 0 0 0

....................................................................................................................................
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-alt 52550 -51116 -52172 51494 189 189 189 189



P77 oF

‘ur stresses :
Shear due to VL (4s1) = VL/(4(CL)(T))
880 / (4 CT7.75)(C.19))

149 psi.

Shear due to Vc (&s2)

Ve/(4(Cec)(T))
0/ C4&C .1875) (C .19))

0 psi.

Shear due to Mt (&s3) = 0 psi.

Stresses Au Al Bu Bl Cu cl Du Dl
-as 1 0 0 0 0 -149 -149 149 149
-4s 2 0 0 0 0 0 0 0 0
-as 3 0 0 0 0 0 0 0 0
-ast 0 0 0 0 -149 =149 149 149

.........................

- When ast = 0

(comb.) = The larger of :
act

2) alt

3) alt - Act

- When ést < 0

4 (comb.) = The larger of :

1) 0.5[alt+act+Sqr.((alt-dct) 2+4(dst™2))]

2) 0.5[alt+dct-Sqr.((Alt-dct) 2+4(dst"2))]
3) Sqr.((alt-dct) 2+4(dst"2)))

....................................................................................................................................
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STEARNS-ROGER DIV.§ TRANSFORMATION OF COORDINATES PROGRAM

DATE 12-15-1994
TIME 11:58:49

FURNACE ¥4 - WEST Por
VERTICAL VESSEL Jonr"*G - LoAD # 8

"""""""" OL +se1smiC) Sa = 1 15p

NOZZLE ORIENTATION = 347.47 DEG

PIPING LOADS :
FX0 = 180.00 LBS MX0 = 1746.67 FT-LBS
FYO = 1020.00 LBS MYO = -100.83 FT-LBS
F20 = -200.00 LBS MZ0 = -0.83 FT-LBS

TRANSLATION OF ROTATED LOADS = 0.00 IN
SECONDARY ROTATION AROUND HORIZONTAL =  0.00 DEG

ROTATED AND/OR TRANSLATED LOADS :

P (2) = 0.16 KIPS MC(Y) = -1.21 IN-KIPS
VC(X) = -0.22 KIPS ML(X) = -20.46 IN-KIPS
VL(Y) = 1.02 KIPS MT(2) = -4.54 IN-KIPS

£ 178 oF 192



PRESSURE VESSEL DESIGN PRO CORP.

HOUSTON TX

--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP

P.0. NO. : 9353.001

ITEM NO. : F#-WEST S/0 NO. : .375

DESIGNER NAME : M.SCHULTZ

DATE : 12-20-1994

B T T ettt b i bttt

--- Stresses in Cylindrical Shell ---

Attachment Mk. : JT6LD8

M.A.M.P. : 2 psi.
Des. temp. : 100 deg. F

Cyl. ID. : 71.25 in. Cyl. mean rad. : 35.8125 in. (corr.)

l. thk. = .375 in. ( .375 in. (corr.))
aterial : SA 516 70

Allow. stress : 17500 psi.

Attachment

Shape : Rectangular
ClL:7.75 in.

Cc : .1875 in.

Radial load P : 160 lb.
Shear load Vc :-220 |b.
Shear load VI : 1020 lb.
Moment Mc :-1210 in.-lb.
Moment ML :-20460 in.-lb.
Moment Mt :=4540 in.-1lb.

Stress coefficient factors

..........................

Kn : 1 Kb : 1 Iv:1
Cla : 16.4399 Cib : 16.78083 C2a : .218978 C2b : .1604%909
C3 : 7.754372e-02 C4 : .1009 c5 : 7.252811 Cé : 2.568189E-02
L1a : 17.85809 L1b : 17.25823 L2a : .1679735 L2b : .1235527
‘! : 3252309 Lé : .06 L5 : .6576346 L6 : 6.549262E-02
K1(Nf) = .91 K1(Nx) : 1.68 K1(Mf) : 1.76 Ki(Mx) : 1.2
K2(Nf) = 1.48 K2(Nx) : 1.2 K2(Mf) : .88 K2(Mx) : 1.25
Kc(é) : 1.005836 Kc(Mf) : 1.278839 Kc(Mx) : 1.646668

Cc(Nf) : .15 Cc(Nx)

R

M-10),

179 oF |92
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KL(&) : 1.334016 KL(Mf) : 2.069142 KL(Mx) : 1.198229
CL(NT) = .77 ClL(Nx) : .24
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Item no. : F#4-WEST S/o no. : 375

P i it ic e e e e e i ettt s Lt b e s b

'mtric parameters

Gamma = Rm/T = 35.8125 / .375
= 95.5

&1x = Cc/Rm = 1875 / 35.8125 = 5.235602E-03
&2x = Cl/Rm = 7.75 / 35.8125 = .2164049
éx = &1x/é2x = 5.235602E-03 / .2164049 = 2.419355E-02

&1 : 5.468157E-02 &2 : 2.840488E-02 43 : 1.810228€&-02
& : 0231499 &5 : 6.258932E-02 86 : .1295062

Circumferential stresses :

Membrane due to P (&c1) = Kn(C1x)(P/(Rm(T)))
=1 (Cix) (160 7 ¢ 35.8125 ¢ .375 ) ) )
= 196 psi. ( 200 psi. )

Bending due to P (&c2) = Kb(C2x)(6(P)/(T"2))
=1(C2x)(6C160)/C .35 °"2))
| = 1495 psi. ( 1096 psi. )

| Membrane due to Mc (&c3) = Kn(C3)(Mc/((Rm2)(&)(T)))
| = 1 ( 7.7543726-02 ) (-1210 / ( ( 35.8125 "~ 2 ) (
| 1.810228€-02 ) ¢ .375 ) ) )

‘ =-12 psi.

Bending due to Mc (dc4) = Kb(C4)(6(Mc)/((T2)(Rm)(4)))

=1(.1009 ) (6 (-1210 ) 7/ ( ¢ .375 " 2 ) ( 35.8125
) € .0231499 ) ) )

=-6284 psi.

Membrane due to ML (&c5) = Kn(C5)(ML/((Rm"2)(48)(T)))

=1 ( 7.252811 ) (-20460 /7 ( ( 35.8125 " 2 ) (
6.2589326-02 ) ¢ .375 ) ) )

=-4931 psi.

Bending due to ML (&c6) = Kb(C6)(6(ML)/((T"2)(Rm)(4)))

=1 ( 2.568189E-02 ) ( 6 (-20460 ) / ( ¢ .375 "~ 2) (
35.8125 ) ( .1295062 ) ) )

=-4835 psi.

Press. stress (&c7) = Dp(Rm)(Iv)/(T)
=2 (35.8125) (1) 7/ ( .375)

= 191 psi.
Stresses Au Al Bu Bl Cu ct Du Dl
-200 -200 -196 -196 -196 -196
-1096 1096 -1495 1495 -1495 1495
0 0 12 12 -12 -12
0 0 6284 -6284 -6284 6284
-4931 -4931 0 0 0 0
-4835 4835 0 0 0 0
-11062 800 4605 -4973 -7987 7571







Item no. : F#4-WEST s/o mo. : .375 M-10l, 182 oF [92

cmwnwwmmm
‘ ‘eﬂtric parameters

&x1 : 5.235602E-03
ax2 : .2164049
éx : 2.419355E-02

4.460884E-02 43 : 1.810228&-02
6.258932E-02 86 : 7.499635E-02

&1 : 4.241911E-02 &2
&4 : 2.980845E-02 &5

" e

Longitudinal stresses :

Membrane due to P (&l1) = Kn(L1x)(P/(Rm(T)))
=1 (Lix) (160 /7 ( 35.8125 ( .375 ) ) )
= 213 psi. ( 206 psi. )

Bending due to P (&12) = Kb(L2x)(6(P)/(T"2))
=1(L2x)(6C160)/(.375"°2))
= 1147 psi. ( 843 psi. )

Membrane due to Mc (&l3) = Kn(L3)(Mc/((Rm"2)(4)(T)))

=1 ( .3252309 ) (-1210 7 ( ( 35.8125 "2 ) (
1.8102286-02 ) ¢ .375 ) ) )

=-46 psi.

| ‘ending due to Mc (&l4) = Kb(L4)(6(Mc)/((T 2)(Rm)(4)))
| =1(.06) (6 (-1210) /7 ¢ ¢ .375 " 2 ) ( 35.8125 ) (
2.980845E-02 ) ) )
=-2903 psi.

Membrane due to ML (&L5) = Kn(LS5)(ML/((Rm"2)(&)(T)))

=1 ( 6576346 ) (-20460 7 ( ( 35.8125 " 2 ) (
6.258932E-02 ) ¢ .375 ) ) )

=-448 psi.

Bending due to ML (&l6) = Kb(L6)(6(ML)/((T 2)(Rm)(4)))

=1 ¢ 6.549262E-02 ) ( 6 (-20460 ) / ( ¢ 375 "2 ) (
35.8125 ) ( 7.4996356-02 ) ) )

=-21288 psi.

Press. stress (&l7) = Dp(Rm)(Iv)/(2(T))
=2(35.8125)(C1)/7¢2¢(.375))

= 96 psi.
Stresses Au Al Bu Bl Cu cl Du Dl
-al 1 -213 -213 -213 -213 -206 -206 -206 -206
-al 2 =147 1147 =1147 1147 -843 843 -843 843
-al 3 0 0 0 0 46 46 -46 -46
-al 4 0 0 0 0 2903 -2903 -2903 2903
-&l 5 448 448 -448 -448 0 0 0 0
‘ll 6 21288 -21288 -21288 21288 0 0 0 0
-al 20376 -19906 -23096 21774 1900 -2220 -3998 3494

------------------------------------------------------------------------------------------------------------------------------------
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-alt 20472 -19810 ~23000 21870 1996 -2124 -3902 3590
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Item no F#4-WEST s/o no. : 375
’he-r stresses :
Shear due to VI (&s1) = VL/(4(CL)(T))
=1020 / C 4 C7.75) C .375))
= 88 psi.

| Shear due to Vc (ds2) = Vc/(4(Cc)(T))

| =-220 / (4 ¢ .1875 ) ¢ .375 ) )

‘ =-783 psi.

‘ Shear due to Mt (4s3) = 0 psi.
Stresses Au Al Bu Bl Cu cl Du DL
-as 1 0 0 0 0 -88 -88 88 88
-és 2 -783 -783 783 783 0 0 0 0
-4s 3 0 0 0 0 0 0 0 0
-ast -783 -783 783 783 -88 -88 88 88
Combined stress intensity :
- When ast = 0

(comb.) = The larger of :

) dct
2) alt
3) alt - &ct
- When ast < 0
& (comb.) = The larger of :
1) 0.5[alt+act+Sqr.((Alt-dct) 2+4(ast™2))]
2) 0.5[alt+act-Sqr.((Alt-Act) 2+4(ast"2))]
3) sqr.((alt-Act) "2+4(ast"2)))
Stresses Au Al Bu Bl Cu cl Du DL
-4s (comb.) 20524 21051 -23051 21899 4799 -4786 -7799 7764
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--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP

P.0. NO. : 9353.001

ITEM NO. : FG-WEST $/0 NO. : .22

DESIGNER NAME : M.SCHULTZ

DATE : 01-25-1995

D R R e L At bt bbbt

--= Stresses in Cylindrical Shell ---

‘Attachment Mk, @ JT6LDS

M.A.M.P. : 2 psi.

Des. temp. : 100 deg. F

Cyl. ID. : 71.57 in.

\Cyl. thk, z .22 in.
terial : SA 516

( .22 in. (corr.))

70

Allow. stress : 17500 psi.

Shape : Rectangular

: 7.75 in.
Cc : .1875 in.

Radial load P
Shear load Ve

Moment Mc
Moment Ml
Moment Mt

=121

Stress coefficient

Cla : 25.06905
c3 : .105988
Lla : 27.12423

‘LS ¢ .B4B8396

K1(Nf) = .91
K2(Nf) : 1.48
Kc(é) : .964193
Cc(Nf) : .09

Shear load VI : 1020 lb.

0 in.-lb.

-20460 in.-lb.
=4540 in.-lb.

factors

-------

Cib : 27.051
c4 : A

L1b : 28.81219
Lé : .06

K1(Nx) : 1.68
K2(Nx) : 1.2
Kc(Mf) : 1.198505
Cc(Nx) : .44

Ivis1
C2a :

Cyl. mean rad. : 35.895 in. (c

19484
C5 : 13.91269
L2a : .1392084

L5 : .3806117
K1(Mf) : 1.76
K2(Mf) : .88
Kc(Mx) : 1.490405

orr.)

C2b : .1405478

Cé6 : 1.780453E-02
L2b : 9.925683E-02
L6 : 5.102649€-02

K1(Mx) : 1.2
K2(Mx) : 1.25

Fl8¢ oF |92
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KL(E) : 1.420715 KL(Mf) : 2.047351 KlL(Mx) : 1.19129
CL(Nf) = .8 CL(NX) : .07
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Item no. : F#4-WEST S$/o no. : .22

P e e e e e R et st et bl

‘mtric parameters

Gamma = Rm/T = 35.895 / .22
= 163.1591

&1x = Cc/Rm = 1875 / 35.895 = 5.223569€-03
&2x = CL/Rm = 7.75 / 35.895 = .2159075
éx = 1x/62x = 5.223569E-03 / .2159075 = 2.419355E-02

&1 : 5.455589€-02 &2 : 2.833959€-02 &3 : 1.806068E-02
84 : .0216458 &5 : 6.244545E-02 66 : 1278478

Circunferential stresses :

Membrane due to P (&c1) = Kn(C1x)(P/(Rm(T)))
=1(Cix) (160 / ( 35.895 ¢ .22 ) ) )
= 508 psi. ( 548 psi. )

Bending due to P (&c2) = Kb(C2x)(6(P)/(T"2))
=1(C2x)(6C160)/¢C.22"2))
= 3865 psi. ( 2788 psi. )

Membrane due to Mc (4c3) = Kn(C3)(Mc/((Rm~2)(48)(T)))
=1( .105988 ) (-1210 7 ¢ ¢ 35.895 " 2 ) (
1.806068E-02 ) ¢ .22 ) ) )

. =-26 psi.

Bending due to Mc (3ck) = Kb(C4)(6(Mc)/((T"2)(Rm)(4)))
=1(.1)06¢1210) /¢ (.22"2) (3585 ) (
.0216458 ) ) )
=-19307 psi.

Membrane due to ML (&c5) = Kn(C5)(ML/((Rm~2)(&)(T)))

=1 ( 13.91269 ) (-20460 /7 ( ( 35.895 "~ 2 ) (
6.244545E-02 ) ( .22 ) ) )

=-16082 psi.

Bending due to ML (&c6) = Kb(C6)(6(ML)/((T 2)(Rm)(4)))

=1 ( 1.780453E-02 ) ( 6 (-20460 ) / ( ¢ .22 " 2 ) (
35.895 ) ( .1278478 ) ) )

=-9841 psi.

Press. stress (4c7) = Dp(Rm)(Iv)/(T)
=2 (35.895)(1)/(.22)

%= 326 pei.

Stresses Au Al Bu Bl Cu cl Du DL
-dc 1 48 -548 548 - - -548 -508 -508 -508 -508
-bc 2 -2788 2788 -2788 2788 -3865 3865 -3865 3865
-4c 3 0 0 0 0 26 26 -26 -26
-dc 4 0 0 0 0 19307 -19307 -19307 19307
&c 5 {16082 16082 16082 -16082 0 0 0 0

-4c 6 9841 -9841 -9841 9841 0 0 0 0

-dc 22587 8481 -29259 -4001 14960 -15924 -23706 22638
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....................................................................................................................................
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Item no. : F#4-WEST S$/o no. : .22

AR AR AAARAAAA AR ARt ddd Rt d At Attt ARt ARt d ARt
’mtric parameters

Gamma = 163.1591

éx1 : 5.223569£-03
&x2 : .2159075
éx : 2.419355e-02

4.450631E-02 43 : 1.806068E-02
6.244545E-02 86 : 7.439066E-02

a1
&4

4.232162€-02 &2
2.691772E-02 &5

Longitudinal stresses :

Membrane due to P (&l1) = Kn(L1x)(P/(Rm(T)))
=1 (Lix) (160 /7 ( 35.895 ( .22 ) ) )
= 550 psi. ( 584 psi. )

Bending due to P (312) = Kb(L2x)(6(P)/(T"2))
=1(12x)(6C160)/(.22°2))
= 2761 psi. (¢ 1969 psi. )

Membrane due to Mc (&13) = Kn(L3)(Mc/((Rm"2)(4)(T)))

= 1 ( .8488396 ) (-1210 7 ( ( 35.895 "~ 2 ) (
1.806068€-02 ) ¢ .22) ) )

=-202 psi.

‘ending due to Mc (&l4) = Kb(L4)(6(MC)/((T 2)(Rm)(4)))
=1(.06) (6 (-1210) /¢ (.22 "2 ) ( 35.895 ) (
2.6917726-02 ) ) )
=-9316 psi.

Membrane due to ML (&l5) = Kn(L5)(ML/((Rm"2)(&)(T)))

=1 ( .3806117 ) (-20460 / ( ( 35.895 "2 ) (
6.244545E-02 ) ( .22 ) ) )

=-441 psi.

Bending due to ML (&16) = Kb(L6)(6(ML)/((T 2)(Rm)(4)))

=1 ( 5.102649E-02 ) ( 6 (-20460 ) 7 ( ¢ .22 " 2) (
35.895 ) ( 7.439066E-02 ) ) )

=-4B8469 psi.

Press. stress (&l7) = Dp(Rm)(Iv)/(2(T))
=2 (35895 )(1)/7(C2¢( .2))

= 163 psi.
Stresses Au Al Bu Bl cu ct Du ol
-al 1 -550 -550 -550 -550 -584 -584 -584 -584
-4l 2 -2761 2761 -2761 2761 -1969 1969 -1969 1969
-4l 3 0 0 0 0 202 202 -202 -202
-4l 4 0 0 0 0 9316 -9316 -9316 9316
i s 441 441 -441 -441 0 0 0 0
‘l 6 48469 -48469 -48469 48469 0 0 0 0
-4l 45599 -45817 52221 50239 6965 7729 -12071 10499

------------------------------------------------------------------------------------------------------------------------------------
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-alt 45762 -45654 -52058 50402 7128 ~7566 -11908 10662
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Item no. : F#4-WEST S/o no. : .22
mmwmmmmmmm
‘ear stresses :
Shear due to VL (ds1) = VL/(&(CL)(T))

=1020 / (& C7.75) C .22) )
= 150 psi.

Shear due to Vc (4s2) = Vc/(4(Cc)(T))
=-220 / (4 C 1875 ) ( .22) )
=-1334 psi.

Shear due to Mt (4s3) = 0 pei.

Stresses Au Al Bu Bl Cu ct Du Dl
-és 1 0 0 0 -150 -150 150 150
-&s 2 -1334 -1334 1334 1334 0 0 0 0
-4s 3 0 0 0 0 0 0
-ast -1334 -1334 1334 1334 -150 -150 150 150

- When ast = 0

(comb.) = The larger of :
act

2) alt

3) alt - dct

- When ast <> 0

& (comb.) = The larger of :

1) 0.5[alt+Act+Sqr.((alt-Act) 2+4(ast™2))]
2) 0.5[alt+dct-Sqr.((Alt-dct) 2+4(dst"2))]
3) sqr.((alt-dct) 2+4(dst2)))

Stresses Au Al Bu Bl Cu cl Du Dl

....................................................................................................................................
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FURNACE #4 SLURRY POT TANK SYSTEM V4213 & V-4214
FIRST AND SECOND PASS SLURRY POTS
DESIGN ASSESSMENT AND CERTIFICATION

‘ APPENDIX 3 INSPECTION REPORTS
|

ULTRASONIC INSPECTION REPORTS
Furnace # 4, East Slurry Pot, V-4213, UltraPIPE Inspection Data Management, 2/2/99
Furnace # 4, West Slurry Pot, V-4214, UltraPIPE Inspection Data Management, 2/2/99

SLURRY POT LEAK TEST REPORTS
QA/QC Equipment Condition Report, #4 Furnace Precipitators Slurry Pots,
August 20, 1999

API LEAK TEST PROCEDURE

Guide for Inspection of Refinery Equipment, Chapter XIII-Atmospheric and Low-Pressure
Storage Tanks, 4® Edition, April 1981; Section 13.4.5 Testing of Tanks.

PHOSPHOROUS CHEMICAL DIVISION A4 Sept-99
FMC CORPORATION



FMC CORPORATION

[ ]

POCATELLO, ID
QA/QC GROUP
UltraPIPE Inspection Data Management
Corrosion Monitorina Ea/Circ ID Analvsis Report Report Date: 2/2/99
(Report in Inches, Corrosion Rates in MPY)
Analysis: Statistical/Straight Line
AREA: FURNACE . Flange Rating: 285 1lb/
Eq/Circ ID: 4FCE E SLURY POT V- 4u3 Design Pressure: 6 lb/in?
Eq Type: VESSEL Design Temperature: 300 °F
Class: 1
RBI: Description: #4 FURNACE E SLURRY TANK
Design Code: S8/D1
First Near Last shrt |Long Rep |TML ™L
Location Ctn | Survey First Survey NHear Survey Last Term |Term |Best |Retirement T™ML |Retirement Inspection
T™ML No.|Desc T™ML |Thick Nt |Date Thick Nt |Date Thick Nt |Date Rate |Rate |Rate |Thickness |[CR |Date Date
1.01 |N. INLET NOZZLE |N 0.500 NM |1/1/92 N/A 0.418 1/28/99 N/A 12| N/A 0.187(5 12| 3/9/16 1/28/04
1.02 |E. INLET NOZZLE [N 0.500 NM |1/1/92 N/A 0.500 1/28/99 N/A o| N/a 0.187(s 1|4/5/22 1/28/04
1.03 |S. INLET NOZZLE [N 0.500 NM |1/1/92 N/A 0.412 1/28/99 N/R 12| N/A 0.187(s 12| 9/28/15 1/28/04
| 1.04 |W. INLET NOZZLE [N 0.500 NM |1/1/92 N/R 0.406 1/28/99 N/A 13| N/A 0.187(s 13| 4/19/15 1/28/04
2.01 |N. 6" BYPASS NOZ |N 0.432 NM [1/1/92 N/A 0.340 1/28/99 N/A 13| N/A 0.125|§ 13|1/1/15 1/28/04
2.02 |E. €™ BYPASS NOZ [N 0.432 NM [1/1/92 N/A 0.375 1/28/99 N/A 8| N/A 0.125|8 88/5/17 1/28/04
2.03 |S. 6" BYPASS NOZ |N 0.432 NM | 1/1/92 N/A 0.366 1/28/99 N/A 9| wN/A 0.125(s 9|12/4/16 1/28/04
2.04 |w. 6™ BYPASS NOZ |N 0.432 NM |1/1/92 N/A 0.349 1/28/99 N/A 12| N/A 0.125|s 12|9/1/15 1/28/04
3.01 |N. SLRY MIX Noz [N 0.375 NM [1/1/92 N/A 0.341 1/28/99 N/A 5| N/A 0.187 S 5|6/26/10 1/28/04
3.02 |E. SLRY MIX NOoZ [N 0.375 NM [1/1/92 N/A 0.374 1/28/99 N/A o| N/ 0.187 (s 1|12/4/12 1/28/04
3.03 [S. SLRY MIX NoZ [N 0.375 NM [1/1/92 N/A 0.368 1/28/99 N/A 1| nA 0.187(s 1|6/25/12 1/28/04
3.04 |W. SLRY MIX NOZ  |N 0.375 NM | 1/1/92 N/A 0.340 1/28/99 N/A 5| N/a 0.187|s 5|s/30/10 1/28/04
4.01 |N. TOP HEAD N 0.375 NM |1/1/92 N/A 0.370 1/28/99 N/A 1| N/A 0.200 (s 1|9/1/11 1/28/04
4.02 |E. TOP HEAD N 0.375 NM | 1/1/92 N/A 0.371 1/28/99 N/A 1| N/A 0.200(s 1|9/28/11 1/28/04
4.03 |S. TOP HEAD N 0.375 NM [1/1/92 N/A 0.366 1/28/99 N/A 1| N/A 0.200 (s 1|5/16/11 1/28/04
4.04 |W. TOP HEAD N 0.375 NM |1/1/92 N/A 0.359 1/28/99 N/A 2| n/m 0.200|S 2 [11/8/10 1/28/04
5.01 |N. TOP SHELL N 0.375 NM | 1/1/92 N/A 0.374 1/28/99 N/A o| N/A 0.200|s 1|12/19/11 1/28/04
5.02 |E. TOP SHELL N 0.375 NM |1/1/92 N/A 0.342 1/28/99 N/A 5| N/A 0.200|s 5|8/5/09 1/28/04
5.03 |S. TOP SHELL N 0.375 NM | 1/1/92 N/A 0.325 1/28/99 N/A 7| N/A 0.200(s 1| 5/2/08 9/15/03
5.04 |W. TOP SHELL N 0.375 NM | 1/1/92 N/A 0.377 1/28/99 N/A o| w/a 0.200 s 1|3/9712 1/28/04
6.01 |N. BTM SHELL N 0.375 NM | 1/1/92 N/A 0.381 1/28/99 N/A o| N/A 0.200|s 1|6/25/12 1/28/04
6.02 |E. BTM SHELL N 0.375 NM [1/1/92 N/A 0.363 1/28/99 N/A 2| n/a 0.200 s 2|2/24/11 1/28/04
6.03 |S. BTM SHELL N 0.375 NM |1/1/92 N/A 0.289 1/28/99 N/A 12| N/A 0.200(s 12| 9/1/05 5/16/02
6.04 |W. BTM SHELL N 0.375 NM [1/1/92 N/A 0.309 1/28/99 N/A 9| N/A 0.200|5s 9|2/24/01 2/11/03 -
7.01 |N. BTM HEAD N 0.375 NM |1/1/92 N/A 0.314 1/28/99 N/A 9| N/A 0.200|s e »1/{3/§3 Afi

Page: 1




FMC CORPORATION
POCATELLO, ID
QA/QC GROUP
UltraPIPE Inspection Data Management

Corrosion Monitorina Ea/Circ ID Analvsis Revort

Report Date: 2/2/99

(Report in Inches, Corrosion Rates in MPY)
Analysis: Statistical/Straight Line

AREA: FURNACE Flange Rating: 285 lb/
Eq/Circ ID: 4FCE E SLURY POT Design Pressure: 6 lb/in?
Eq Type: VESSEL Design Temperature: 300 °F
Class: 1
RBI: Description: #4 FURNACE E SLURRY TANK
Design Code: S8/D1
Tirst Near Last Shrt |Long Rep |TML T™L
Location Ctn | Survey First Survey Near Survey Last Term |Term |Best |Retirement T™L |Retirement Inspection
TML No. | Desc T™ML |Thick Nt |Date Thick Nt |Date Thick Nt |Date Rate |Rate |Rate |Thickness |CR |Date Date
7.02 |E. BTM HEAD N 0.375 NM | 1/1/92 N/A 0.283 1/28/99 N/R 13| N/A 0.200[s 13]3/23/05 2/24/02
7.03  |S. BTM HEAD N 0.375 NM [1/1/92 N/A 0.283 1/28/99 N/A 13| N/A 0.200|s 13| 3/23/05 2/24/02
7.04  |W. BTM HEAD Y +| 0.375NM |1/1/92 N/A 0.255 1/28/99 N/A 17| N/A 0.200 s 17| 4/24/02 9/10/00
8.01 |N. OUTLET NOZ N 0.365 NM [1/1/92 N/A 0.282 1/28/99 N/A 12| N/A 0.190 (s 12| 11/21/05 6/26/02
8.02 |E. OUTLET NOZ N 0.365 NM |1/1/92 N/A <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>